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It 1s an honor, however undeserved, for me to be 
asked to give the fifth W. Edward Chamberlain 
Lecture. It has not been my privilege to know Dr. 
Chamberlain until today, although the nature of 
his contributions to radiology reached even my dts- 
tant ear some years ago upon his appointment to 
the Chair of Radiology at Temple University. My 
ear was distant not in space, for he became Pro- 


fessor of Radiology here at Temple University 


while I was still a graduate student at the Univer- 
sity of Pennsylvania, just across the city. It was 
distant because my interest in basic medical 
sctence was far removed from the need for using 
radiologic techniques. How many end: -rinolo- 
gists, physiologists or embryologists have more 
than a nodding acquaintance with the uses of such 
tools for investigation? I was one of a majority, I 
am sure. 

There came a time, however, when it became 
necessary for me in the course of my work to know 
how rapidly the blood flows through the pregnant 
uterus of the intact monkey. What better way to 
learn this than to propel some opaque medium at 
high speed through the linea alba, into the myome- 
trium, and then observe how rapidly this was re- 
moved? To use isotopes would have left traces of 
radioactivity in tissues other than the myome- 


trium, but roentgen rays offered the opportunity to 
localize the injected substance within the myo- 
metrium. We conducted a little study of this 
problem and proved the feasibility of this tech- 
nique (Fig. 7). 

Even so, I did not even then learn first hand of 
Dr. Chamberlain. It really was not until I came 
to Temple University two years ago as one of a 
group of NIH consultants that I learned of the im- 
pact that he had made upon this institution. I 


found that here advanced radiologic techniques are 


used for research and teaching in the Departments 
of Physiology and Pharmacology as well as in 
Radiology. Here, these techniques are wisely and 
extensively employed. Of course, Dr. Stauffer and 
others have implemented such activities far beyond 
what Dr. Chamberlain did, but there is no doubt 
that Dr. Chamberlain has left here an intellectual 
legacy which ts strong, growing and evident. 
When Dr. Oppenheimer invited me to give the 
Chamberlain Lecture, I had serious doubts as to 
the wisdom of accepting the proffered honor. Upon 
consideration, however, I decided that perhaps my 
experience with serendipity in the field of radi- 
ology might make an interesting footnote in the 
annals of radiology, for it opened up avenues of 
investigation along which I have moved for ten 


* From the Department of Anatomy, University of Illinois College of Medicine, Chicago, Illinois. 
The W. Edward Chamberlain Lecture, delivered at Temple University School of Medicine, September 29, 1960. 
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years, and I presume I shall continue, with good 
fortune, to move along them for some few years to 
come. 


ERENDIPITY, the gift of finding 

valuable and agreeable things not 
looked for, is a word coined by Walpole in 
allusion to a tale, The Three Princes of 
Serendip, who in their travels were always 
discovering by chance or sagacity, things 
they did not seek. My tale of serendipity 
goes back to my laboratory in Baltimore in 
1948. A young doctor from Harvard came 
in and put on my desk some injection- 
corrosion specimens of the blood vessels of 
human placentas. He wanted help in de- 
veloping a research project out of these 
specimens. In the course of our discussions, 
we noted something that no one else, espe- 
cially any physiologist, apparently had ob- 
served. It was that, unlike virtually most 


Fic. 


S. R. M. Reynolds 


SEPTEMBER, 1961 


other vascular beds, this one was unique, 
The cross-sectional areas of the veins were 
not appreciably different from the cross- 
sectional areas of the arteries that supplied 
the substance of the placenta. This being 
so, it readily suggested to us that the 
velocity with which the blood moves 
through the veins necessarily must be close 
to that at which the blood moves through 
the arteries. 

Krom a physiologic standpoint this pre- 
sented a dilemma. The blood in the arteries 
moves into the placenta under considerable 
pressure from the heart. But how about the 
pressure of blood in the veins? Where did 
the energy come from to propel the blood 
through the veins at as high a velocity, 
back toward the heart? It also raised the 
question of how much energy is lost against 
the vessel wall by blood flowing through a 


1. Roentgenologic determination of an index to the blood circulation time in the intact uterus of a mon- 


key pregnant 106 days. By jet hypospray, 1 ml. of diodrast is propelled through the linea alba into the 
myometrium. A residue from a previous injection of 1 ml. into the rectus abdominis muscle is seen in top 
left. Next right, 10 minutes later, the contrast medium had just reached the uterus. Succeeding roentgeno- 
grams were taken at regular intervals until both areas cleared. Twenty-four minutes were required for 
clearance in the the rectus abdominis, 34 minutes for the uterus. (Reproduced with permission from the 


Proceedings of the Society for Experimental Biology and Medicine.) 
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Fic. 2. Two sections of an umbilical cord. Left: conventional section with the two arteries and vein con- 
stricted and empty with much Wharton’s jelly present. Right: section of the same cord taken with the in- 
fant held at the level of the placenta 77 utero and with two clamps placed simultaneously on the cord with a 
full pulsating beat. Note the large, distended vessels, the thin walls of the blood vessels and the thin layer 
of sheath about the cord. Wharton’s jelly piles up as the cord shortens with vasoconstriction. (Reproduced 


with permission from Contributions to Embryology.) 


vessel, and how much by internal dissipa- 
tion of energy through the viscosity of the 
blood? Since the placenta seemed immune 
to in vivo experimental investigation, it 
occurred to me that perhaps this could be 
studied in the umbilical cord. The only 
dificulty was that histologists always study 
acord after it is cut, with the blood drained 
out of it and the vessels constricted. 
Clearly, there had to be a way to determine 
the cross-sectional areas of distended and 
functioning umbilical arteries and veins. 

I then went to a colleague in the Depart- 
ment of Obstetrics and asked him: Would 
you between the second and third stages of 
labor hold a baby at the level of the pla- 
centa, still retained within the uterus, and, 
with a full pulsating beat in the cord, put 
two clamps simultaneously at different 
points on the cord and then remove the dis- 
tended segment?” This he did, whereupon 
I fixed the segment, with the clamps still on 
it. The result,®> which was repeated many 
times, is shown in Figure 2. Here it was 
found that the combined areas of the two 
arteries were some 80 per cent of the area 
of the vein. So it was true that the blood in 
the vein moved only about 25 per cent 
slower than in the arteries. The functioning 


umbilical cord was clearly the tissue to be 
used to study the problem we had posed for 
ourselves, but where should we go from 
here? 

I went to the Department of Sanitary 
Engineering at Johns Hopkins to talk to a 
colleague about our worries. He was a man 
noted for having successfully designed 
sewer systems for various towns and cities 
in the United States. Surely, I thought, he 
would know about fluid flows, and he could 
help me design an experiment to solve our 
problem. 

Dr. Guyer was very helpful. What we 
would need, he said, was knowledge of the 
pressure drop along a length of blood vessel, 
the velocity of blood flow, the volume of 
blood flow per minute, and the amount and 
form of expansion of the blood vessel with 
each heart beat, since a blood vessel is non- 
rigid. We would need to know ai// these 
things simultaneously, and in one experi- 
ment! 

There was but one place at that time 
where I could do this work—the Nuffield 
Institute for Medical Research, in Oxford, 
England. The reason for my selecting Nuf- 
field Institute lay primarily in the fact that 
a book had been published a short while be- 
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fore by Barclay, Franklin and Prichard? en- 
titled The Foetal Circulation and Cardio- 
vascular System, and the Changes They 
Undergo at Birth. The approach in this now 
classic book had been entirely roentgeno- 
graphic. They had taken serial roentgeno- 
grams at 2—$ images a second, and had 
learned much that was new as well as con- 
firming much that had been known. | 
would remind you that, up to 1949, almost 
no one had produced truly good cineangio- 
grams and there were no image amplifiers 
except in experimental stages. Moreover, 
at that time there were no laboratories 
where complicated animal experiments 
could be done using roentgen-ray_ tech- 
niques. This was what took me on a wan- 
dering trip to the British Isles, and points 
beyond. 

But what did we discover that was 
valuable, agreeable and not looked for? I 
shall not tell you all that we learned. That 
would require many hours. Rather, I shall 
dwell on only a few facts that radiology re- 
vealed. 

First, however, I must pay tribute to the 
radiologist who came to be my colleague. 
He is Dr. Gordon Ardran. Dr. Ardran con- 
sidered the needs of my project and con- 
cluded that serial roentgenograms at 2~—5 
images per second would not suit our pur- 
poses. Instead, we would need true moving 
pictures, at better than 16 frames per sec- 
ond. With the limitation of little money, 
but with considerable resourcefulness, he 
bought a discarded moving picture pro- 
jector from a local theater for the sum of 
ten pounds, or twenty-eight dollars. This, 
by ingenious adaptation, was made to take 
direct angiograms or cinefluorograms at a 
speed of 25 frames per second on 35 mm. 
film. So here, for almost the first time, true 
moving pictures of events could be taken 
by roentgen rays under highly experi- 
mental conditions. With this apparatus our 
work fell logically into two programs. One, 
of course, dealt with the umbilical cord. 
However, as we took cinefluorograms of 
the cord, we also obtained for the first time 
true cineangiograms of the fetal circula- 
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tion. This, under the stimulus of Dr, 
Marjorie Prichard, who was a colleague, 
became our second area of study. We had 
no intention at the outset of engaging in 
fetal studies. 

We learned much about blood flow in the 
umbilical cord. We found, for example, that 
if there is stream line flow (as there is in the 
larger vessels of almost the entire body) 
outside the ascending aorta and the arch of 
the aorta, the blood flows with surprisingly 
little loss of energy. In an umbilical vessel, 
there is only about a 2 per cent loss of 
energy in the system per centimeter of 
blood vessel. This means that, in the sheep 
fetus, about 90 per cent of the energy in the 
aorta is available to propel blood through 
the umbilical arteries." 

We learned, too, that there is an ad- 
vantage to an organism in having a blood 
vessel over a given diameter in order that 
it conduct blood efficiently (Fig. 3). For ex- 
ample, when a vessel has a diameter of 2-3 
mm., the ow was 5-6 ml.’ per second. 
When, however, the diameter was 3.4 or 
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Kic. 3. Graph showing data obtained by cineangiog- 
raphy on the relation between the diameter of an 
umbilical artery and the flow of blood. The flow 
increases as the diameter increases; the pressure 
falls, as shown. (Flow is in ml./sec.) (Reproduced 
with permission from the American ‘Journal of 
Obstetrics and Gynecology.) 
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4.0 mm., the flow was 15 and 17 ml.* per 
second, respectively. 

The basis of these figures rests on the 
analysis of cineroentgenograms taken at 
0.04 second. We could tell how many 
frames were required for the velocity-head 
of the opaque medium to traverse a given 
distance and we could, allowing for paral- 
lax, measure very well the diameter of the 
vessel studied. From these simple facts, un- 
obtainable in any other way, we estab- 
lished these figures which any physiologist 
could have reasoned ought to apply, al- 
though he would not know what values to 
assign to the situation. 

I have said that I went to Oxford to 
study hemodynamics in the umbilical cord. 
I have also noted that in so doing, we could 
not help but cineroentgenographically re- 
cord the fetal circulation as well. Again we 
observed processes which we never antic- 
ipated might be available to us. When we 
saw the pictures projected, we were im- 
pressed by the fact, but hardly surprised, 
that we could see any major part of the 
fetal vascular tree. What could be simpler 
than to study how long a time was required 
for the opaque medium to pass from one 
part of the vascular tree to another? Thus, 
we could see it start toward the head in the 
areas supplying that region of the body, 
and we could see it return. Consequently, 
the cephalic circulation time could be meas- 
ured. Similarly, the pulmonary circulation 
time was measurable, as were the renal, the 
portal, the hepatic, and the intestinal circu- 
lation times. We could even measure the 
length of time it took for the medium to 
pass down the aorta to one of the mesen- 
teric arteries. We could—and did—meas- 
ure the placental, and even the placental 
cotyledonary circulation times. In short, 
from cineangiofluorograms, we could learn 
for the first time what the regional circula- 
tion times in a fetus are. 

Early in the study, Dr. Prichard, who 
had played an important role in the work 
on the fetal circulation, said, “‘I would like 
to see what happens when we give the fetus 
artificial respiration.”” Now, to put this in 
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perspective, it is necessary to state what 
Barclay, Franklin and Prichard? had estab- 
lished earlier. 

They had found that the unique features 
of the fetal circulation undergo profound 
changes and in an apparent sequence upon 
establishment of respiratory movements. 
One of these features is closure of the 
ductus venosus, that structure lying deep 
within the recesses of the liver which is the 
main connection between the end of the 
umbilical vein and the inferior vena cava. 
It is so well protected by soft and blood- 
loaded tissue that it can only be studied 
functionally by roentgenography. Closure 
of this sphincter, they postulated, pre- 
vented hemorrhage through the torn um- 
bilical cord after birth, for most mammals 
at birth are unattended by an obstetrician 
who clamps or ties the severed umbilical 
cord. 

The second significant change at the time 
of birth is closing of the ductus arteriosus 
which, as these authors demonstrated so 
elegantly, interposes a block between the 
pulmonary artery and the aorta after es- 
tablishment of breathing, and so directs all 
the blood from the right heart into the 
lungs. The third essential change is closure 
of the foramen ovale, the opening in the 
interatrial septum that serves during fetal 
life to admit blood from the right to the left 
side of the heart, thus bypassing the fetal 
lungs. In their study, it is never precisely 
stated what the order or sequence of closure 
of these structures is. It is here that, as we 
wandered through one experimental pro- 
cedure after another, we uncovered a series 
of related facts of immeasurable impor- 
tance to our understanding the nature of 
the fetal circulation and the changes it 
undergoes at the time of birth. We will look 
at these, one by one. 

First, the ductus venosus. To understand 
this, | must narrate my talk with the engi- 
neer, Dr. Guyer. When I talked to him, he 
asked about the pressure in the umbilical 
vein (which I knew to be high) and how the 
vein ended in the liver. I sketched for him 
the umbilical recess in the liver, showing 
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ic. 4. Graph showing the effect of umbilical vein pressure on the welfare of the ewe fetus im utero, with the 
membranes intact, during severe hypoxia. Events in maternal ewe (top): respiratory minute volume index, 
x; heart rate, 0; mean carotid blood pressure, e; in the fetus (bottom): umbilical artery pulse pressure, 


|! |; umbilical vein pressure, 


. Note that on 13 per cent and 10 per cent Oy is ewe’s inspired air; fetal heart 


rate was variable as arterial pulse pressure improved. Venous pressure held constant at 20-28 mm. Hg. On 
the second exposure to 6 per cent O:, maternal hemodynamic disturbances occurred and the heart rate 
fell, as before; venous blood pressure fell (with probable closing of the umbilical vein) and then arterial 


pressure fell. The fetus died. 


the ductus venosus as a wide, open struc- 
ture passing into the inferior vena cava, 
and many small tributaries going off into 
the substance of the liver. He put his pencil 
on the ductus venosus and said, “‘Where is 
the valve here that controls the pressure 
back here in the umbilical vein?” I said, 
“There is none.” He said there had to be. 
Then, recalling that there is a sphincter in 
the ductus venosus as wes shown both 
roentgenographically and anatomically by 
Barclay, Franklin and Prichard,’ he told 
me that hemodynamic pulsations in the 
umbilical arteries exerted intermittent pres- 
sures on the distended vein, and 
“milked” the blood in a forward direction 
toward the heart. It was, he said, a pulsa- 
meter pump such as is used in the chemical, 
petroleum and other industries. Now this 
was a new idea, that the sphincter served a 
vital role in the maintenance of blood flow 
from the placenta to the fetus, instead of 


so 


merely being a stopcock to shut off a retro- 
grade flow of blood afer the organism was 
horn. What, in our wandering, did we find? 

To be brief, we found, as had Barclay, 
Franklin and Prichard,’ that the sphincter 
may be either closed or open during fetal 
life. In one fetus only in which experiments 
were done, it was found that the sphincter 
could be made to open by progressively re- 
ducing the venous return from the placenta. 
Before leaving this subject, it should be said 
that later studies in recent years have 
shown that if umbilical vein pressure be- 
comes low, a fetus becomes moribund and 
dies. If, however, it remains high, the fetus 
withstands stress and is very vigorous’ 
(Fig. 4). 

The most dramatic circulatory change in 
the fetus upon aeration of the fetal lungs 1s 
in the quality of the hemodynamic change 
in the lung itself. It is the first and largest 
change to take place. Dawes* has shown 
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Fic. 5. Roentgenographically determined circulation times for opaque medium passing from one part of the 
circulatory tree to another in the fetus and breathing lamb. Cineangiograms taken at 25 frames per second 
permitted noting, from frames at 0.04 second apart, the transit time of the opaque medium. The spread of 
circulation is the reciprocal of the circulation time. The bar graphs show (fetus, striped bars; breathing 
lamb, open bars) that the cephalic circulation is 3 times faster after birth; the pulmonary circulation (ar- 
terial transit time) is § times faster, and so on. (Reproduced with permission from Contributions to Em- 
bryology.) 


that during fetal life only about 13-15 per Taste | 
cent of the fetal cardiac output goes to the PHYSIOLOGIC CIRCULATORY CHANGES 
lung. Ardran et a/.! demonstrated that the SS 
pulmonary circulation in the fetus is the Fetal 
slowest regional circulation (Fig. 5); how- 
Vv yon aeration of the x, it be- 
ever, upon aeration of the fetal lung, it or a 
comes the fastest. This is associated with + 
the group of physiologic changes detailed Pulmonary Peripheral 
in Table Resistance ++++ + 
Ihe cineroentgenographic demonstra- Rate of I ulmonary 
tion of this pulmonary change, which was, io 
missed in the serial film technique, required Valois 4 Sede 
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neonatal circulations be established. This 
was done in 1956,’ although to describe 
these results here would carry us far afield 
from our present theme. However, | would 
point out that the roentgenographic tech- 
nique led inadvertently to a new line of ana- 
tomic and physiologic experiments on the 
nature of fetal physiology and its bearing 
on postnatal life. 

Before concluding, some specific results 
of the cineroentgenographic observations 
on the fetal circulation should be pointed 
out. Careful analysis of the films showed 
that in the fetus circulation is slowest 
through the head and is slow in the lungs, 
liver, intestines and kidneys. The fastest 
and most copious flow is to and through the 
placenta. Upon aeration of the lungs, there 
is a two and one-halffold increase in the 
cephalic circulation, a fourfold increase 
through the lungs, and a complete cessa- 
tion, of course, to the placenta. The flow 
through the heart, kidneys and intestines is 
unchanged. In short, Nature has contrived 
to have the most rapid and abundant flow 
of blood through the organs of respiration 
in both the fetus and the neonatal animal.* 
This is not unexpected, but it required 
cineangiography to prove the point. 

I would be remiss if I did not reiterate 
that these initial observations have led to a 
succession of completed studies on fetal 
homeostasis, fetal distress and the life of 
the fetus within the uterus, with the mem- 
branes and fluid surrounding the fetus still 
intact. These studies have led to others 
which are still in active progress. It is no 
exaggeration to say that the casual ob- 
servation of the fetus by cinefluoroangi- 
ography in the course of another study has 
been the most important means whereby 
a whole array of heretofore unsuspected 
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problems in physiology and anatomy have 
come into view. In this case, serendipity 
has served us well. 


Department of Anatomy 

University of Illinois College of Medicine 

Chicago, Illinois 
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THE ROENTGENOLOGIC DIAGNOSIS OF 
FETAL HYDROPS* 


By PAUL A. BISHOP, M.D. 


PHILADELPHIA, PENNSYLVANIA 


| bp A paper entitled “The Fallibility of 
Radiological Diagnosis of Erythroblas- 
tosis Foetalis,” McClure Browne’ states, 
“A radiograph of the foetus 77 utero show- 
ing the Buddha position and a halo around 
the skull is usually accepted as diagnostic of 
erythroblastosis foetalis. These signs were 
first described by Hellman and Irving 
(1938). Javert (1942) laid special emphasis 
on the value of the Buddha position. Ritvo, 
Shautfer and Krosnick (1949) claim that 
the signs enable a definite diagnosis of 
erythroblastosis foetalis to be made. Hart- 
ley (1948), however, regards them with dis- 
trust. I, too, have sometimes found these 
signs to be misleading, and suggest that 
they be valued only together with all evi- 
dence of severe foetal damage.” He con- 
tinues with reports of 2 cases of pregnancies 
producing normal babies in which an in- 
correct diagnosis of fetal hydrops had been 
based on the halo and Buddha signs. 

Because of the apparent unreliability of 
the halo sign noted by others as well as our- 
selves and the diagnostic inadequacy of the 
Buddha position alone, we feel justified in 
presenting our experience with both direct 
and indirect roentgen signs of fetal edema. 
In so doing we add 4 cases to the 2 we re- 
ported in 1953.! 

Modern methods in the care of prema- 
ture infants and the spectacular results of 
replacement transfusion techniques make 
early diagnosis of this condition of great 
practical importance. One of our cases 
(Case 5) was not suspected clinically. The 
roentgenologic diagnosis of fetal hydrops 
(Fig. 8, 4 and B) stimulated prompt ac- 
tion. Cesarean section followed by immedi- 
ate and repeated replacement transfusions 
resulted in a vigorous baby which con- 


tinues to thrive. Armed with this proce- 
dure we can no longer be content to wait 
for “evidence of severe fetal damage” as 
suggested by McClure Browne.’ Ritvo et 
al." state, “as with other rare and unusual 
conditions, the diagnosis will be made only 
if the manifestations are clearly under- 
stood, constantly borne in mind and pains- 
takingly sought for in every instance. The 
importance of early diagnosis in planning 
therapy and making a proper prognosis is 
self evident.” 

Erythroblastosis fetalis is a hemolytic 
clinico-pathologic syndrome of offspring 
resulting from conception between an Rh 
negative woman and an Rh positive man. 
The first born child is seldom affected un- 
less the mother has previously received a 
transfusion of Rh positive blood. Fifteen 
per cent of white mothers are said to lack 
Kh agglutinogens and are therefore termed 
Rh negative. Sensitization of these mothers 
by the Rh positive red blood cells of the 
fetus causes the formation of an anti-Rh 
agglutinin. Erythroblastosis fetalis de- 
velops when this diffusible substance passes 
into the circulation of the fetus. With each 
succeeding pregnancy the probability of 
producing a baby with hemolytic disease is 
increased. Pickles'® has stated that the 
chances of an Rh negative mother becom- 
ing immunized during the first pregnancy 
and therefore producing an infant with 
hemolytic disease are 1 in 1,000. For the 
second and third pregnancies the chances 
rise to I in 40 and increase to about I in 15 
for the fifth pregnancy. Javert? found that 
the incidence of erythroblastosis fetalis 
after its initial appearance is nearly 50 per 
cent and if the first born had the disease the 
incidence is nearly 100 per cent. Hellman 


* From the Department of Radiology, Pennsylvania Hospital, Philadelphia, Pennsylvania. 


Presented at the Sixty-first Annual Meeting of the American Roentgen Ray Society, Atlantic City, New Jersey, September 27- 
1960. 
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and Irving’ estimate that fetal hydrops 
occurs once in 2,000 deliveries. 


CLINICAL AND PATHOLOGIC FEATURES 


The clinical manifestations of erythro- 
blastosis fetalis fall into three groups. In 
order of increasing severity these are: (a) 
congenital anemia; (b) icterus gravis; and 
(c) fetal hydrops. In the mildest form, con- 
genital anemia, the diagnosis is suspected 
by the pallor of the infant and confirmed by 
blood studies. 

Icterus gravis is characterized by jaun- 
dice of varying degree that may be present 
at birth or may not develop for several 
days. The jaundice is usually progressive 
and is accompanied by progressive anemia. 

The most severe form of erythroblastosis 
fetalis, fetal hydrops, is characterized by 
marked generalized edema of the soft 
parts, associated with accumulation of 
fluid in the pericardial, pleural and _ peri- 
toneal cavities, and enlargement of the 
heart, liver and spleen (Fig. 1, 4 and B, 
Case 4). The blood picture is that of 
marked anemia associated with immature 
red blood cells. The placenta is large, thick- 
ened and edematous (Fig. 1 C, Case 4). Asa 
result of the increased size of the fetus and 
the placenta, the uterine enlargement is 
found to be out of proportion to the dura- 
tion of the pregnancy and hydramnios 1s 
generally suspected clinically. Javert’ re- 
ports that in the 16 cases which he studied, 
“clinical hydramnios”’ was due to the com- 
bined excessive size and weight of the 
placenta and the infant which averaged 
4,674 gm. (10.2 pounds). The placenta 
averaged 1,254 gm., the fetus 3,420 gm. 
This is a 1 to 3 ratio in contrast to the 
normal 1 to 6 ratio. In 5 of our cases there 
was a clinical diagnosis of hydramnios. 

Bone changes are quite constant, oc- 
curring in the anemic and icteric forms as 
well as in fetal hydrops. Follis et a/.’ and 
Janus and Dietz® found marked increase in 
bone density on postnatal roentgen studies 
as well as on microscopic postmortem 
studies. There was an increase in the num- 
ber and thickness of trabeculae, due appar- 
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ently to lack of destruction of the calcified 
cartilaginous matrix substance which was 
then covered with a thick layer of new 
bone. The medullary spaces were narrowed 
or obliterated. In long bones a transverse 
zone of decreased density close to the junc- 
tion of the shaft and cartilage was fre- 
quently present. This is the result of tran- 
sient disturbance of endochrondal bone for- 
mation and not distinguishable from other 
prenatal interruptions of bone formation. 


INDICATIONS AND TECHNIQUE OF 
ROENTGEN EXAMINATION 


Indications for roentgenologic examina- 
tion arise during the last two months when 
a pregnant woman is known to be Rh nega- 
tive or has had a previous erythroblastotic 
baby. Hellman and Irving? recommend 
that such patients be examined every two 
weeks during the last two months of preg- 
nancy. Ritvo ef a/.'! advocate frequent re- 
examinations to detect early changes that 
might otherwise go unrecognized, the first, 
ten to fifteen weeks prior to term and there- 
after at three to six week intervals. 

Clinical suspicion of hydramnios_ is 
generally considered as a mandatory indi- 
cation for roentgen examination due to the 
frequency with which fetal anomalies occur 
with this condition. Fetal hydrops must be 
added to the list of abnormalities to be 
thought of and searched for in such ex- 
aminations, since uterine enlargement out 
of proportion to the fetal age in erythro- 
blastosis cannot be differentiated clinically 
from true hydramnios. 

Javert’ found a high incidence of pre- 
eclamptic toxemia in mothers of hydrops 
cases (31 per cent of 16 cases). Two of our 6 
cases were toxic (Table 1). Cases showing 
symptoms of toxemia when associated 
with hydramnios should be investigated 
roentgenographically. 

Painless bleeding is a frequent symptom, 
occurring in 3 of our 6 cases (Table 1). The 
possibility of fetal hydrops must be con- 
sidered in every case examined roentgeno- 
graphically for placenta previa. 

The technique of the examination is 
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Diagnosis of Fetal Hydrops 


lic. 1. Case 4. (4) Fetus. (B) Enlarged liver 


and spleen. (C) Large placenta. Premature 
hydropic male infant was born alive and 
lived for twenty-five minutes. The mother 
was Rh negative and had high Rh antibody 
titers. She developed polyhydramnios two 
months prior to delivery, which increased 
progressively. The placenta at delivery 
showed relative prematurity and edema 
(1,500 gm.). At autopsy the baby was 
grossly hydropic; there was hepatomegaly 
(175 gm.) and splenomegaly (33 gm.). Mi- 
croscopically, there was excessive erythro- 
poiesis in the liver, spleen, adrenals, intesti- 
nal tract and kidneys. (Courtesy of Dr. John 
Paul Decker.) 
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TABLE I 


CLINICAL SUMMARY 


Case Hydramnios Bleeding Toxemia 


I 
IW, + + 
M.S + + - 
+ 
4 
G.McA. + + - 
5 
Cc. + + - 
6 
ALR. 


simple. Anteroposterior and lateral roent- 
genograms are made with the patient lying 
on a Bucky diaphragm table. High speed 
films and intensifying screens are used in an 
effort to reduce the radiation dose to both 
mother and child to a safe minimum. The 
dangers of fetal damage from repeated ex- 
posures in doubtful cases must be carefully 
weighed against the importance of each 
examination. The roentgenographic tech- 
nique is of the quality used in urologic 
studies. Roentgenograms must be made in 
a minimum of time, thereby avoiding pri- 
mary motion of the fetus and secondary 
motion of the mother. Fine detail is essen- 
tial; retakes are undesirable. 
ROENTGEN FINDINGS 

In 1934 Snow and Powell!® described a 
“black line” outlining the neck, trunk and 
extremities on roentgenograms of the 
gravid abdomen made by a soft tissue 
technique. This black line (Fig. 2) is due to 
the greater penetrability by roentgen rays 
of the fat containing subcutaneous tissues.!® 
It was noted that it was widest over the 
buttocks, a notorious depository of fat, and 
absent over the cranium because there 1s no 
subcutaneous fat layer in the scalp. This 
black line, which outlines the trunk and ex- 


Fetal Death Rh 


Previous Babies 
Icterus gravis, 
+ Neg. Anemia 
+ Neg. 3 Normal 
Neg. 2 Ketal hydrops 
Alive 1 Erythroblastosis 
25 min. Neg. fetalis 
Living, Anti C 1 Normal 
well factor 1 Icterus gravis 
Alive Neg. 
2 hrs. 1 Fetal hydrops 


tremities of the fetus, has become an im- 
portant landmark in roentgenologic studies 
for localization of the placenta as well as in 
the diagnosis of short umbilical cord.! The 
obliteration of this fat line, secondary to 
edema of the soft tissues, has become our 
most reliable sign in the diagnosis of fetal 
hydrops. This corresponds to other time- 
proven roentgenologic changes of diag- 
nostic importance, such as the disappear- 
ance of the shadows of the perirenal and 
psoas muscle fat pads in cases of retro- 
peritoneal inflammations or tumor infiltra- 
tion and the obliteration of the properi- 
toneal fat line in patients with ascites. It 
should be emphasized that the fetal fat line 
is not obliterated when the fetus is sur- 
rounded by the excessive amount of amni- 
otic fluid in hydramnios (Fig. 3). 

In 4 of our cases prenatal roentgeno- 
grams showed the fetal fat line to be com- 
pletely obliterated. In Case 5 and 6, both 
live fetuses, the fat line was seen very 
faintly along the back where the edema was 
less marked; it was completely obliterated 
over the abdomen and the extremities 
(Table 11). In a review of the literature, 
roentgenograms of one case in Javert’s’ 
series and in 3 reported by Ritvo et al." 
show the shadow of the fat line to be ab- 
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sent, although this finding is not men- 
tioned in their texts. McClure Browne’ pre- 
sents beautiful illustrations of a normal 
case in which an incorrect diagnosis of 
fetal hydrops was made on the basis of the 
Buddha position and the halo sign. The fat 
line of the baby is shown with clarity. The 
application of our diagnostic standards 
would have ruled out a diagnosis of fetal 
hydrops in this case. 

The position of the fetus in relation to the 
uterus is of diagnostic importance. The 
fetus usually lies with its back in close con- 
tact to the uterus while anteriorly the dis- 
tance to the uterine wall is much greater 
than normal. This is due to the thickened, 
edematous placenta and the distended 
abdomen of the fetus. 

The posture of the fetus is noteworthy. 
The ribs are elevated and in a more or less 
horizontal position due to the enlarged 
heart, the pleural fluid and upward pressure 
of the distended abdomen. The arms are 
spread outward and lie well anteriorly, dis- 
placed from the normal position of close 
contact with the trunk because of the soft 
tissue edema. The legs, likewise, assume an 
abnormal ‘‘frog like’ position, the so- 
called Buddha sign. They are flexed at the 
knees and abducted at the hips. The ex- 
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Fic. 2. Fat line or “black line” of subcutaneous fat 
surrounding the trunk and extremities of a normal 
fetus. 


tremities of a normal fetus may and fre- 
quently do assume a similar posture. This 
appearance, however, is important in 
combination with other signs of fetal edema 


TaBL_e II 


ROENTGEN SUMMARY 


| | | 


Bones 
Case | Position Hak | Fat Line Position Crani 
| Density — ranial 
| Ribs Arms Legs Spine Bones 
I Completely | Moderate | Out and | Flexed go° 
J.W. | Breech | No obliterated | increase | Elevated | elevated abducted Straight | Overlapping 
| 
, | | Completely Slight | | Out and Flexed 135° 
M.S Breech | No | obliterated increase | Elevated | elevated abducted Straight | Overlapping 
3 | Completely | Marked | Out and Flexed 135° Increased 
A.Y. | Transverse | No | obliterated | increase | Elevated | elevated abducted curve Overlapping 
| | Completely | 
G.McA. Vertex | No obliterated | Normal Elevated ? Straight Normal 
5 | | Partly | Normal 
GC. Vertex =| No | obliterated Normal Elevated Out | Flexed go® curve Normal 
| | | - 
6 Partly =| | Flexed Normal 
ALR. Vertex No obliterated Increased | Elevated | Out | abducted curve Normal 
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Fic. 3. “Black line” in a case of true 
hydramnios (ancephalic monster). 
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and enlargement of the abdomen and 
thorax. 

The posture of the spine is of interest, 
Samuel and Cohen" state that the spine 
loses its normal curvature as a result of the 
enlargement of the liver and the spleen and 
ascites, but add that other intra-abdom- 
inal masses produce the same effect. Our 
findings are not uniform. In 3 or our cases, 
in which the fetus was dead and macerated, 
and lying in the breech or vertex position 
(Fig. 4, 7 and B; 5, 4 and B; and 7; Case 
1, 2 and 4), there was complete absence of 
the normal spinal curve; 2 cases in vertex 
position (Fig. 8, .7 and B; and 9; Case 5 
and 6), both alive, had normal spinal curves; 
another dead fetus (Fig. 6, 4 and B, Case 
3) in a transverse lie had an exaggerated 
flexion curvature of the spine. 

The halo sign has not been of diagnostic 
value in our series. Hellman and Irving? in 
their original description said, “The edema 
is seen in roentgenograms as a thickening 


Fic. 4. Case 1. (4 and B) The mother was a twenty-three year old white female, para 11. The first baby, 
jaundiced at birth, is well at three years of age. During the second pregnancy, the patient developed signs 
of toxemia. Roentgenograms revealed a dead fetus, absence of a fetal fat line and elevated ribs of the fetus. 


The blood of the father was Rh positive; the blood of the mother was Rh negative and the anti Rh factor 


was present. Cesarean section revealed a dead fetus with fetal hydrops. 
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Fic. 5. Case 2. (4 and B) The mother was a thirty-five year old white female, para tv. She had 3 norma 
pregnancies in close succession. The present pregnancy was normal up to thirty-eight weeks, when fetal 
movements and heart sounds were absent. Two days later profuse vaginal bleeding occurred. Roentgen 
examination for placenta previa revealed signs of fetal hydrops. Four days later a macerated dead fetus 
with fetal hydrops was delivered. The mother’s blood was Rh negative; it had been Rh positive during the 


3 previous pregnancies. 


and increased density of soft parts. It is so 
striking in the scalp that a definite corona 
is seen surrounding the skull.” They also 
speak of it as a “dark corona.” A dark 
shadow could result only from tissues of 
decreased roentgenographic density similar 
to fat. Javert,’ on the other hand, illus- 
trates the halo sign in what appears to be 
a retouched reproduction in which the 
edematous scalp casts a shadow that is 
lighter than the surrounding soft tissues. 
The fact that such prominent proponents 
of the halo sign present it in opposite densi- 
ties is confusing, to say the least. Postnatal 
roentgenograms reveal a thickened edema- 
tous scalp which casts a shadow of the same 
density as the other edematous soft tissues. 
That this “halo” is said to be present only 
in vertex presentations is also difficult to 
rationalize. We have observed on roentgen- 
ograms of many normal obstetrical cases 
with vertex presentation the shadows of the 


soft tissue planes of a partially filled and 
compressed maternal bladder cause an ap- 
pearance strikingly similar to a “halo.” 
McClure Browne’ presents illustrations of 
2 normal cases in which shadows about the 
head were interpreted as the halo sign. One 
of these is typical of compression of the ma- 
ternal bladder by the presenting fetal head; 
the other appears to be the double bone 
shadow of the vertex due, I believe, to over- 
lapping shadows of the parietal bones. We 
are not convinced that the halo sign is of 
diagnostic value. The mechanism of its 
production is not clear. Illustrations of it 
in the literature are confusing. It was not 
observed in any of our cases. 

The increased bone density of the fetus 
likewise was not a striking feature in the 
prenatal roentgenograms in our series. 
Only in Case 3 was it of diagnostic signifi- 
cance. It was probably present in other 
cases but masked by the increased density 
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Fic. 6. Case 3. (4 and B) The mother was a thirty-one year old white female, para 111. She was known to have 


of the soft parts. Unfortunately, we do not 
have postnatal roentgenograms for proper 
evaluation of this feature. When increased 
bone density is observed on prenatal roent- 


an Rh negative factor and had lost 2 previous pregnancies. During this pregnancy, no fetal heart sounds 
were heard at eight months. Roentgenograms revealed a dead fetus in a transverse lie with signs of fetal 
hydrops. The patient has since had a normal full term baby with no trouble whatsoever. 


genograms, in the absence of characteristic 
changes of fetal hydrops, it should arouse 
suspicion of the presence of one of the 
milder forms of erythroblastosis fetalis. In 


Fic. 7. Case 4. The mother was a thirty-six year old 


white female, para v. In 1949 a pregnancy resulted 
in hydramnios, fetal anomalies, and stillbirth. In 
1951 the patient delivered an erythroblastotic 
baby at full term. Because of the mother’s Rh neg- 
ative blood, neonatal anemia and enlargement of 
the liver, replacement transfusion was done. This 
child is living and well at six years. In 1953 a full 
term living baby was delivered. Replacement 
transfusion was performed but the indications are 
not recorded in the history. In 1955 the patient de- 
livered a three week premature baby. Neonatal 
death occurred as a result of Rh sensitization. 
This pregnancy was of seven months’ duration. 
Hydramnios had been noted to progress during 
the past two months. The fetal movements were 
active. The patient experienced vaginal bleeding 
which lasted for four days and a roentgenogram 
revealed evidence of fetal hydrops. Five days later 
a hydropic infant was delivered which lived only 
twenty-five minutes (see Fig. 1, 4—C). 
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Fic. 8. Case 5. (4 and B) The mother was a thirty-three year old white female, para ur. In 1949 she de- 
livered a normal child at term. In 1952 she also delivered an apparently normal child at term who, how- 
ever, developed jaundice and facial edema the following day. The liver became enlarged and the general 
condition worsened. The child was found to have erythroblastosis due to a rare blood type, anti C (Fisher 
nomenclature), and developed cerebral palsy. The patient was admitted during this pregnancy at thirty- 
four weeks with hydramnios and painless bleeding. Roentgenograms made to determine the placental site 
or fetal anomaly were diagnostic of fetal hydrops. Cesarean section revealed a vigorous female child with 
severe fetal hydrops. The fetal weight was 2,730 gm., one quarter of which was estimated as due to edema. 
The liver and spleen were enlarged. Immediate transfusion with settled blood (Rh positive, Rh 1 homo- 
zygous) was given and 140 cc. of ascitic fluid was removed. A second exchange transfusion was performed 


when she was six and one-half hours old, a third on the third day and one when she was four days old. 
The child responded and is now well and flourishing. 


postnatal studies this finding may be re- 
warding in making the diagnosis of ques- 
tionable cases of fetal anemia or jaundice. 


DISCUSSION 


Erythroblastosis fetalis is a hemolytic 
clinico-pathologic syndrome of offspring, 
resulting from conception between an Rh 
negative woman and an Rh positive man. 
Fetal hydrops, the most severe form of this 
condition, is said to occur once in 2,000 de- 
liveries. It is characterized by marked gen- 
eralized edema of soft parts, associated 
with accumulation of fluid in the pericar- 
dial, pleural and peritoneal cavities, with 
enlargement of the heart, liver and spleen. 
The placenta is enlarged, thickened and 
edematous. 

Due to advances in the care of premature 
infants and the spectacular results of 
prompt and repeated replacement blood 


transfusions, this condition is no longer a 
hopeless one. Early diagnosis and prompt 
therapy are essential. Roentgen studies are 
indicated whenever there is a clinical sus- 
picion of hydramnios and in all pregnant 
women who are known to be Rh negative 
or who have previously had an erythro- 
blastotic child. 

The two best known diagnostic signs, the 
Buddha posture and the halo sign, have 
been unsatisfactory in the experience of 
many observers. 


SUMMARY 


Six cases of fetal hydrops correctly 
diagnosed by roentgenograms of the gravid 
abdomen are reported. The diagnostic fea- 
tures are based on both direct and indirect 
evidence of the pathologic changes: 

1. Obliteration of the fetal fat line, due 
to subcutaneous edema. 
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Fic. 9. Case 6. The mother was a nineteen year old 
white female, para 11. She was a known Rh nega- 
tive who fifteen months previously delivered a 
full term fetus with fetal hydrops which lived only 
a few hours. A roentgenogram was made at thirty- 
four weeks to determine whether signs of eryth- 
roblastosis were present. There was no clinical 
suspicion of hydramnios, no toxemia, and no 
bleeding. The roentgenogram revealed findings 
typical of fetal hydrops and a cesarean section was 
performed. A markedly hydropic baby with an en- 
larged placenta was delivered and immediate re- 
placement transfusion was given; however, the 
baby lived only two hours. 


2. Displacement of the fetus an unusual 
distance from one side of the uterus, due to 
enlargement of the fetal abdomen and the 
placenta. 

3. Elevation of the ribs, due to the en- 
larged heart and distended abdomen. 

4. Peculiar posture of the arms and legs, 
due to soft tissue edema. 

s. Intrauterine fetal death is a frequent 
finding. 

In our experience the “‘halo” sign was not 
observed. 


4 Paul A. Bishop 
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Chronologic review of our 6 cases gives 
us encouragement. The first 3 cases were 
dead at the time of the roentgen examina- 
tion. The last 3 were delivered alive; one 
was salvaged, 2 died within short periods, 
It is our hope that this improvement is at 
least in part the result of the efforts of our 
clinico-roentgenologic teamwork and that 
our results can be projected to still more 
favorable levels in the future. 


Department of Radiology 

Pennsylvania Hospital 

Philadelphia, Pennsylvania 
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A NEW METHOD OF FETAL WEIGHT 
DETERMINATION * 


By LEO STOCKLAND, M.D.,+ and STANTON A. MARKS, M.D.t 


MILWAUKEE, WISCONSIN 


HE. existing methods of fetal weight 

determination have proved unsatisfac- 
tory at our Institution. It was felt that a 
more accurate method would have to be 
devised by which to ascertain the maturity 
of an infant before elective cesarean sec- 
tion or induction of labor is undertaken. 
The literature reveals approximately 5 per 
cent fetal mortality in elective cesarean 
sections due to prematurity.!*** This is a 
report of a new method of fetal weight de- 
termination which approaches satisfactory 
accuracy and is useful in cases when the 
obstetrician is not certain if the infant is 
mature enough to survive cesarean section 
or the induction of labor. Multiple meas- 
urements are used which when averaged 
together result in greater accuracy because 
of what we call the “equalizing factor.” 

EXISTING METHODS 

The existing methods are based mostly 
on one measurement of the fetus. Follow- 
ing are the commonly used ones. The 
method of identifying the proximal tibial 
epiphysis which calcifies at the 39th or goth 
week has been satisfactory if one can vis- 
ualize it on the roentgenograms.? If the 
fetus is not of 39 or 40 weeks of gestation, 
the stage of maturity cannot be deter- 
mined. 

The distal femoral epiphysis calcifies at 
35 to 40 weeks and again the same problem 
exists as in that of the proximal tibial 
epiphysis. Previous studies show that at 35 
weeks the average fetus is 5 pounds and, 
therefore, by visualization of the distal 
femoral epiphysis, we cannot say unequiv- 
ocally that a fetus is completely mature 
since the weight at this stage of gestation 
will vary from 5 pounds and up.” 


The use of biparietal skull measurements 
allows us to consider only two-thirds of the 
cases examined due to lack of proper intra- 
uterine position of the fetus. The literature 
reveals that with biparietal diameter meas- 
urements, two-thirds of the cases had an 
error of 1 pound greater or 1 pound less 
than the actual weight. Only infants 
weighing 5 pounds or more were used.’ 
This does not take care of the “critical” 
range of 4 pounds to 6 pounds which we 
define as “‘that weight below which the 
fetus is obviously immature by clinical 
and/or roentgen methods and above which 
it is obviously mature by either or both 
methods.” 

The measurement by head volume re- 
veals that this method will allow an error 
of 8 ounces or less in 36 per cent of the 
cases and an error of 16 ounces or less in 60 
per cent of the cases. However, all of the 
cases described in the literature in which 
this method was used were 6 pounds and 13 
ounces or over, and, therefore, did not rep- 
resent those of the “critical” weight group. 

Other methods employed are those of 
measurement of fetal length, occipito- 
frontal diameter of the skull!® and clinical 
estimation by measuring the uterus. 


INDICATIONS FOR ROENTGENOGRAPHIC 
EXAMINATION FOR FETAL WEIGHT 


It is generally agreed that the indiscrim- 
inate use of roentgenography for determin- 
ing fetal weight is to be avoided. Roent- 
genographic examinations, however, are 
indicated in cases where (1) elective 
cesarean sections are contemplated for the 
following reasons: (a) a repeat cesarean 
section is considered and the obstetrician is 
not certain of the degree of maturity of the 


* From the Department of Radiology, Milwaukee County Hospital, Milwaukee, Wisconsin. 
t Radiology resident. 
t Attending radiologist. 
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fetus; (b) the mother is diabetic; (c) Rh 
problems exist; (d) cephalopelvic dispro- 
portion with a breech presentation is noted 
and, therefore, the patient cannot be given 
a trial of labor; (e) there is toxemia of 
pregnancy, and (2) the obstetrician may 
wish to induce labor and does not know the 
degree of maturity of the fetus. 


RADIATION EXPOSURE 


In order to reduce radiation to the ma- 
ternal gonads, fetal gonads and to the 
entire body of the fetus to the least amount 
within practical limits, high speed screens 
with high speed film are recommended. A 
cone is used to collimate the roentgen-ray 
beam, and the beam is filtered with 2 mm. 
of aluminum which, in addition to ap- 
proximately 0.5 mm. of aluminum inherent 
filtration, results in a total of 2.5 mm. of 
aluminum filtration. Webster and Merrill 
show that although the output varies among 
roentgenographic units, the anteropos- 
terior projection results in an average of 
250 mr to the maternal gonads and the lat- 
eral projection results in 280 mr to the 
gonads. The average total dose for the 
examination is $30 mr to the maternal 
gonads. There have been no studies of 
radiation received by the fetus itself and, 
therefore, it must be assumed that the dos- 
age is slightly above that received by the 
maternal gonads in the anteroposterior 
projections, since the fetus is closer to the 
roentgen-ray tube. In the lateral projec- 
tion there is probably very little ditterence. 
These figures are obtained with a 200 milli- 
ampere unit. A dose of 500 to §50 mr to 
the fetus and maternal gonads should not 
contraindicate an examination which may 
increase the survival rate of infants de- 
livered by cesarean section. 

TECHNIQUE 

The success of our method depends upon 
satisfactory roentgenograms so that the 
landmarks may be accurately identified. 
Two roentgenograms are taken, one in the 


anteroposterior and one in the lateral pro- 
jection. Wire abdominal markers are taped 
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across the anterior portion of the abdomen 
for the lateral view and across the two lat- 
eral margins of the abdomen for the antero- 
posterior view. Solder wire has been used 
since it is very pliable and is radiopaque. 
This delineates the abdominal wall and, 
therefore, assists in obtaining measure- 
ments of the uterus with a greater degree 
of reliability. A constant tube film distance 
of 40 inches is used. In the graphs which 
are constructed, the average distortion pro- 
duced by a 40 inch target film distance is 
considered, and, therefore, no correction 
factor need be used. 

It is possible that logEtronic reproduc- 
tion, by clearly delineating the fetal points 
of measurement, may increase the accu- 
racy of the procedure; this method will be 
used in some of the future cases. 

The radiologist should position the pa- 
tient and check the roentgenograms before 
the patient is dismissed to ensure that they 
are adequate for measurement. The antero- 
posterior roentgenogram is taken first so 
that a determination of a cephalic or 
breech presentation may be made. If a 
breech presentation is present, the lateral 
roentgenogram should be taken with the 
fetal head closest to the film. 


CONSTRUCTION OF GRAPHS 
The results obtained in the examination 
of S50 patients were used to construct 
graphs relating the fetal weight to various 
measurements. Scatter graphs were made 
using known weights versus known meas- 
urements, where the fetus was delivered 
within a day or so following the taking of 
roentgenograms. When the patient did not 
deliver for a significant time interval after 
roentgenography, the weight of the fetus 
at the time of roentgenography was com- 
puted from a gestation versus weight table, 
which was constructed from Streeter’s 
tables of 704 specimens.° 


PROCEDURE 


The measurements which are usually 
made are illustrated in Figure 1, 4 and B. 
Step 1. Skull Measurement (Fig. 2). This 
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ic. 1. (4 and B) Schematic sketch showing measurements to be taken. 


is found by (1) measuring the biparietal 
diameter of the skull; (2) measuring the 
occipitofrontal diameter of the skull, and 
(3) adding these two measurements to- 
gether. 

Generally, it is possible to obtain the bi- 
parietal measurement from the _ lateral 
roentgenogram and _ occipitofrontal 
measurement from the anteroposterior 
roentgenogram. If only the biparietal di- 
ameter can be determined from both the 
anteroposterior and lateral roentgenogram, 
we have found that by adding 20 per cent 
to the biparietal diameter, we can arrive 
at the average occipitofrontal diameter. 
Conversely, if only the occipitofrontal 
measurement can be obtained, the bipari- 
etal measurement can be determined by 
subtracting 20 per cent from this measure- 
ment based on an average cephalic index 
of 8:10. This is the ratio of the broad di- 
ameter to the long diameter in the ellipti- 
cally shaped skull and thus the sum of the 
biparietal and the occipitofrontal diameter 
cannot be in error by more than approxi- 


mately 6 per cent. If the head is oblique in 
both projections, these two measurements 
are still added together. 

(4) The fetal weight is taken from the 
skull versus weight graph. 

Step 11. Length Measurement (Fig. 3). 


This is found by (1) placing one point of a 


plastic flexible ruler at the coccyx and 
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Fic. 2. Graph showing fetal weight versus 
skull measurements. 
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Fic. 3. Graph showing fetal weight versus 
length measurements. 


measuring to the odontoid process along 
the contour of the spine; (2) drawing a 
line from this point to a point on the outer 
table of the skull which is at the greatest 
distance from the odontoid process; and 
(3) adding these two measurements to- 
gether and thus obtaining the necessary 
figures for the total length versus weight 
graph. Here again, the graph was designed 
using the scatter graph method of known 
length versus known weight. 

Step m1, Uterus Measurement (Fig. 4). 
This is found by (1) measuring the greatest 
width of the uterus from the anteroposte- 
rior roentgenogram and the greatest width 
of the uterus from the lateral roentgeno- 
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Fic. 4. Graph showing fetal weight versus 
uterus measurements. 
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Kic. 5. Graph showing fetal weight versus 
total measurements. 


gram; and (2) adding these two measure- 
ments and then plotting them on the 
uterus measurements versus weight graph. 

Step Totaling of Measurements (Fig. 
5). This is done by (1) adding the measure- 
ments of the skull, length, and uterus; 
and (2) by plotting the sum on the total 
measurements versus weight graph. 

Step Vv. Averaging. The weights obtained 
from the skull, length, uterus, and sum 
graphs are then totaled, and the average 
is found. This is the average or estimated 
weight of the fetus on the day of roent- 
genography. 

It will be noted that the weights com- 
puted separately from the skull, length and 
uterus measurements may vary but the 
equalizing factor of the average weight re- 
sults in the true weight. 

Step VI, Gestation Determination (Fig. 
6). This is found (1) after the estimated 
weight of the fetus has been determined. 
The expected weight increase may be ob- 
tained by using the gestation versus weight 
graph; then (2) the weight of the fetus at 
the time of roentgenography is recorded 
on the gestation weight graph. Krom the 
graph the number of weeks necessary for 
the desired increase in the weight of the 
fetus can be read. 


UNUSUAL FETAL POSITIONS 


Breech Presentation. Measurements are 
made in the same manner as in cases of 
cephalic presentation. The only change 1s 


= - 
MENTS 
NM / 
| \ 
| 90 | 
| 
CM. ; 
/ 
ee ie / 6 7 8 9 10 
/ 
2 3 4 5 6 7 8 9 10 
60 
55 
UTERUS 
CM 
45 
wo} 
asi 
! 
2 3 5 6 7 8 9 10 
| 


Voi. 86, No. 3 


that the lateral roentgenogram is taken so 
that the head of the fetus is closest to the 
film. This can easily be determined after 
viewing the anteroposterior roentgeno- 
gram. 

Transverse Presentation. After viewing 
the anteroposterior roentgenogram, the 
lateral roentgenogram is taken so that the 
head of the fetus is closest to the cassette. 
The skull and length measurements are de- 
termined in the same manner as in case of 
cephalic presentation. The measurement 
of the uterus from the anteroposterior 
roentgenogram is obtained in a cephalo- 
caudal instead of the transverse dimension. 
On the lateral roentgenogram the meas- 
urement is taken through the greatest 
width of the uterus. All of the computa- 
tions are then made in the same manner as 
for cephalic presentation. 

Twin Pregnancy. Measurements are 
taken of only one of the intrauterine 
fetuses since twins are approximately of 
the same weight. The skull and length 
measurements are determined as in a 
single fetus. The uterus measurement is 
taken through the greatest width on both 
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Fic. 6. Graph showing fetal weight versus 
weeks of gestation. 


the anteroposterior and lateral roentgeno- 
gram. Seventy-five per cent of the total of 
the two measurements is used in computa- 
tion since only the weight of one of the 
intrauterine fetuses is to be determined. 


REPORT OF CASES 


Case 1. M.J.A. This twenty-two year old 
pregnant Negro female (Fig. 7, 4 and B), who 
had a previous cesarean section, entered Mil- 
waukee County Hospital with an unreliable 


Vic. 7. (4 and B) Case 1. 
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Vic. 8. (4 and B) Case u. 


menstrual history. The following statistical 
data were determined: skull—24.5 cm., § 
pounds; length—37.5 cm., 6 pounds 8 ounces; 
uterus—$2.5 cm., pounds; total—114.§ cm., 
5 pounds 9 ounces; average weights pounds 
8 ounces; duration of gestation 36 weeks; time 
interval between roentgenography and birth 

2 weeks; actual birth weight—6 pounds 3 
ounces; estimated birth weight—6 pounds 8 
ounces; error—s/10I1=-+5 per cent. 


Comment. The average or estimated 
weight at the time of roentgenography was 
5 pounds 8 ounces, which was approxi- 
mately at 36 weeks of gestation. We sug- 
gested that an interval of two weeks should 
elapse before a cesarean section be done 
since our weight versus gestation graph re- 
vealed that at that time the fetus would 
weigh 6 pounds 8 ounces. This was done, 
and the actual birth weight was 6 pounds 3 
ounces. By using this method premature 
birth was prevented. 


Case u. T.R. This twenty-eight year old 
white female (Fig. 8, 4 and B) entered the 
hospital for reasons unrelated to her pregnancy. 
Here again, the actual menstrual history was 
completely unreliable and roentgenograms were 
taken for future reference. The following sta- 
tistical data were determined: skull—19.4 cm., 


2 pounds 6 ounces; length—-28 cm., 3 pounds; 
uterus—41.5§ cm., I pound 12 ounces; total-- 
$85.9 cm., 2 pounds g ounces; average weight = 
2 pounds 7 ounces; duration of gestation—2§8 
weeks; time interval between roentgenography 
and birth 11} weeks; actual birth weight—7 
pounds 6} ounces; estimated birth weight—7 
pounds 8 ounces; error—1.§/118.5=+1 per 
cent. 


Comment. This patient had a normal un- 
eventful delivery. Nevertheless, by our 
method we were able to predict within 1 
per cent the birth weight of the baby. 


Case ut. This twenty-eight year old white 
female (Fig. 9, 4 and B) with an unreliable 
menstrual history entered the hospital for 
evaluation. The following statistical data were 
determined: skull—24.8 cm., § pounds 2 
ounces; length—39 cm., 7 pounds; uterus— 
61.2 cm., 7 pounds 3 ounces; total-—125 cm., 
7 pounds 10 ounces; average weight —6 pounds 
12 ounces; duration of gestation-— 38} weeks; 
time interval between roentgenography and 
birth date—11 days; actual birth weight—7 
pounds 6 ounces; estimated birth weight— 
pounds 8 ounces; error —2/118=2 per cent. 


/ 
RESULTS 


The degree of accuracy in a series of 179 
cases is graphically illustrated in Figure 10. 
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Fic. 9. (4 and B) Case 111. 


SUMMARY 


racy is superior to that of other existing 


1. A report of a new method of fetal methods. 
weight determination has been presented. 3. The ability to project the weight at 
2. It is believed that its degree of accu- birth is possible with this method. 


Birth wei 


gh 


All Cases 


34 16 179 


t— over 6 lbs. 
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23.47 | 129 


% Error 
0-10% 10-15% > 15% 


lic. 10. Diagram showing the birth weight error. 
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4. Radiation exposure of the maternal 
gonads and fetus should not contraindicate 
an examination which may save the lives 
of 5 per cent of babies who are delivered by 
elective cesarean section. 


Stanton A. Marks, M.D. 
161 West Wisconsin Avenue 
Milwaukee 3, Wisconsin 


The authors wish to thank Dr. John R. Amberg, 
Chief of Radiology, John A. Lind and Calvin 
Williams, radiology residents, for their help in mak- 
ing this report possible. 
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PREMATURE UNILATERAL SYNOSTOSIS OF 
THE CORONAL SUTURE* 


By M. H. NATHAN, M.D., V. P. COLLINS, M.D., and L. C. COLLINS, M.D. 


HOUSTON, TEXAS 


REMATURE, unilateral, coronal synos- 

tosis (hereinafter referred to as unilat- 
eral coronostenosis) is a congenital abnor- 
mality of the skull with a distinctive com- 
bination of roentgenographic features. Fail- 
ure to distinguish this entity from certain 
other diseases that affect the configuration 
of the skull may lead to unnecessary diag- 
nostic procedures and to delayed or inap- 
propriate treatment. McLaurin and Mat- 
son’? advocate the earliest possible treat- 
ment for the prevention of exophthalmos, 
visual loss, cosmetic deformities and per- 
haps brain damage. 

Since the most important findings neces- 
sary for early diagnosis are the roentgeno- 
graphic signs, the radiologist has the re- 
sponsibility of establishing or confirming 
the diagnosis. Because it is uncommon, this 
condition is likely to present a problem in 
roentgenologic interpretation. Case presen- 


tations and discussion of this form of 


craniostenosis, with emphasis on clinical 
and roentgenologic diagnosis, should make 
immediate recognition possible. 


REPORT OF CASES 


Case 1. T.C., a white female infant, was 
brought back to the physician who delivered 
her for a routine examination at the age of one 
month. At this time, the doctor noticed a slight 
exophthalmos of the right eye, flattening of the 
right frontal area of the skull, and minimal 
asymmetry of the face (Fig. 1). There were no 
other positive findings; development was nor- 
mal and the neurologic examination revealed no 
abnormalities. 

Roentgenograms of the skull demonstrated 
narrowing of the right coronal suture with fu- 
sion of its inferior portion (Fig. 2, 4 and B); 
this was more readily apparent on the roent- 
genograms made for the optic foramen (Fig. 3, 
4 and B) which also showed narrowing of the 


‘tc. 1. Case 1. A one month old white female with 
right coronal synostosis. There is flattening of the 
right frontoparietal region, right sided exophthal- 
mos, and minimal facial asymmetry. 


sphenofrontal, sphenoparietal, squamosal, and 
sphenosquamosal sutures. The Water’s projec- 
tion (Kig. 4, 4 and B) revealed an elliptical 
shape to the enlarged right orbit, elevation of 
the right lesser sphenoid wing, slight flattening 
of the right parietal area, and slanting of the 
nasal septum with its cephalad end pointing to 
this same side. In the Towne view (Fig. 5, 4 and 
B), flattening of the parietal bone was more evi- 
dent posteriorly and was associated with dis- 
placement of the posterior sagittal suture and 
lambda to the right. In addition, there was de- 
pression of the right petrous ridge and deepen- 


* From the Department of Radiology, Baylor University College of Medicine, Texas Medical Center, Houston, Texas. 
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Case 1. (4 and B) Roentgenogram and its tracing showing narrowed right coronal suture (1); ele- 


vated right orbit (2); enlarged middle (3) and posterior (4) fossae. The right anterior fossa is shortened. 


ing of the right middle and posterior fossa. 
Shortening of the anterior fossa with forward 
displacement of the anterior margin of the 
middle fossa was seen on the lateral roentgeno- 
gram (Fig. 2, 4 and B). Although the skull ap- 
peared to have an increased height, measure- 
ments were within the upper limits of normal. 
There was no asymmetry in thickness of the 
calvarium and no increase in convolutional 
markings. 

Corrective surgery was performed for right 
coronostenosis in the following manner: a 
small-nosed rongeur was used to make a false 
suture behind the right coronal suture. Poly- 
ethylene sheeting was placed between the cut 
edges and held in place by three sutures. The 
postsurgical course was uneventful. The infant 
was lost to follow-up two months later before 
postsurgical roentgenograms were made. 


Case u. M.M.L., a two and one-half year old 
female, had been in an automobile accident on 
January $, 1960. She was never unconscious and 
did not exhibit any signs or symptoms indica- 
tive of brain injury, but the parents noted that 
the head was abnormal in appearance. The 
neurosurgeon to whom the child was referred 
reported discoloration around the right eye; a 
large and asymmetric head; high pitched per- 
cussion note; head measurements 2.5 cm. 
larger than normal for a child of this age; an 
unsatisfactory funduscopic examination, but 
there appeared to be some hemorrhage; equal 
and active deep reflexes; and normal muscle 


strengths in all extremities. It was not until 
later when he was asked to look carefully for 
this specific sign that the physician noted slight 
facial asymmetry. The child’s development had 
been normal. 

The skull roentgenograms revealed flatten- 
ing and thinning of the parietal region, ellip- 
tical orbit with decreased depth, elevation of 
the lesser sphenoid wing, shortened anterior 
fossa, forward displacement of the greater 
sphenoid wing, enlargement of the middle and 
posterior fossae, and depression of the petrous 
ridge. All of these findings were asymmetrically 
located on the right (Fig. 6, 7 and 8). Mild ob- 
liquity of the nasal septum was also noted with 
its superior end pointing to the right and the 
posterior sagittal suture and lambda displaced 
considerably in the same direction. The length 
and breadth of the skull measured within limits 
of normal, but the height was increased. These 
roentgenograms were made elsewhere and the 
only lateral views available were some made at 
the time of pneumoencephalography. The 
coronal sutures were very poorly demonstrated 
and could not be evaluated. The radiologist 
considered tumor or hydrocephalus as well as 
unilateral, partial, and premature closure of the 
right coronal suture in the differential diag- 
nosis. Pneumoencephalography was interpreted 
as normal. 

Surgical correction for unilateral corono- 
stenosis was performed by the neurosurgeon 
in the same manner as in the preceding 


case. 
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Fic. 3. Case 1. (4 and B) The optic foramina are normal. The entire right coronal suture (1) on the right 
side is narrowed and synostosis is taking place in its inferior portion. There is also narrowing of the right 
squamosal (3), sphenoparietal and sphenofrontal (4), and sphenotemporal (5) sutures. The elliptical con- 
figuration of the right orbit (2) is well shown. 
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Fic. 4. Case 1. (4 and B) Water’s view showing elevation of the right sphenoid wing and sphenoid ridge (3), 
flattening of the right parietal area and obliquity of the nasal septum (9) with its superior end pointing to 
the side of the pathology. Right and left coronal suture (1 and 2); sphenoid wings (3 and 4); enlarged, el- 
liptical right orbit (5); depressed right mandibular condyle (retouched) (11); and left mandibular con- 


dyle (12). 


Fic. 5. Case 1. (4 and B) Flattening of the right parietal region (15) is shown best in this Towne-Chamberlain 
projection as is the depression of the petrous ridge (10) on the same side. Lambdoidal sutures (1 and 3); 
lambda (2) displaced to right, mendosal sutures (§ and 6); narrowed right coronal suture (4); synchondro- 
sis between ex-occipital and supra-occipital (7 and 8); depressed right petrous (10) and normal left petrous 


(11) ridges; depressed right middle (12) and normal left middle (13) fossae; and an oblique nasal septum 
(14) are also seen. 
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Fic. 6. Case 11. Posteroanterior roentgenogram show- 
ing enlarged elliptical orbit, elevated sphenoid 
wings and deepening of the middle fossa, all on the 
right. There is also slight obliquity of the nasal 
septum and displacement of lambda to the right 
(arrow). Depression of the right middle fossa has 
resulted in the lower position of the right man- 
dibular condyle (retouched). 


Case 1. S.B., a seven and one-half month 
old white female, was brought to the clinic be- 
cause of irritability, particularly in the last 
three months, and also because of flattening of 
the right frontal region which has not been pro- 
gressive. The mother had many roentgenograms 
and several operations for intestinal obstruc- 
tion during the gestation period. The child was 
born prematurely but her development has 
been normal. 

Physical examination revealed an irritable 
baby with flattening of the right frontal bone, 
elevation of the right orbital rim, elevation of 
the right eyebrow and slight facial asymmetry. 
There was also flattening of the right occipital 
region of moderate degree. The head size meas- 
ured within normal limits. The motor reflex 
and sensory testing were normal. The ocular 


Fic. 7. Case 1. Roentgenogram of the sphenoid area 
showing the same findings as described in Figure 
6. In addition, the double arrows point to the en- 
larged right posterior fossa. The single arrow 
points to lambda. This roentgenogram was made 
during pneumoencephalography. 


Fic. 8. Case 1. Roentgenogram showing ventral 
bulging and apparent enlargement of the right 
middle fossa and enlargement of the right posterior 
fossa (arrows). This roentgenogram was made dur- 
ing pneumoencephalography. 
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Fic. 9. Case 11. The obliquity of the nasal septum, 
displacement of lambda, elevated right sphenoid 
wing, and the elliptical right orbit are prominent 
findings. Asymmetry of the skull, depression of the 
right middle fossa, mandibular condyle, petrous 
ridge and posterior fossa are also shown. 


movements were of full range and the optic 
fundi were normal. The vision and _ hearing 
seemed to be normal. The electroencephalo- 
gram was normal. 

Roentgenograms showed right, unilateral 
coronostenosis with associated findings as dem- 
onstrated in Figures 9, 10 and 11 and as indi- 
cated in Tablet. 

A channel, 1.5 cm. wide, was made along the 
right coronal suture and extended down below 
the squamosal suture. No removal of orbital 
roof or lateral orbital wall was carried out. 
Polyethylene film was placed over the edges of 
this bone and heavy silk sutures were tied about 
the film through holes punched in the adjacent 
bone. 


GENERAL CLINICAL DISCUSSION 


Unilateral coronostenosis is a congenital 
disease of unknown etiology with a familial 
tendency. The signs of synostosis are usu- 
ally present at birth. Immediate postnatal 
recognition of the skull abnormality by the 
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Fic. 10. Case ut. Asymmetry with flattening of the 
right parietal bone, depression of the right middle 
and posterior fossae and the right mandibular 
condyle (retouched) are shown best on this roent- 
genogram. The lambda is displaced to the right. 


Fic. 11. Case 111. Depression of the right posterior 
fossa appears to be the most prominent finding on 
the lateral roentgenogram. The deepening of the 
right middle fossa is less apparent and no bulging 
of its anterior margin is demonstrated. 
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TABLE | 


FREQUENCY OF THE MOST IMPORTANT DIAGNO*TIC ROENTGENOGRAPHIC SIGNS OF 
UNILATERAL CORONOSTENOSIS IN II CASES (8 previously reported) 


Case | Case | Case 


iF) | 


Roentgenographic 
Signs 


Orbit—Elliptical, Ele- 


Lesser Sphenoid 


Wing—FElevated | > 


Parietal Bone 


Flattened + + + + 


Parietal Bone 


Anterior Fossa 


Shortened + 4. 


Middle Fossa— | | 


Posterior Fossa 


Petrous Ridge 


Depressed | + - + + 


Temporomandibular 
Fossa 
Nasal Septum 

Obliqued + 


Lambda 


Clinical Facial 
Asymmetry + + 


| 
| | 


Case 


| T.C. |M.M.L.| s.B, | IV’ 


vated and/or Enlarged | + + 4+ i 


Depressed + + + | + 


Deviated + + + | + 


Case | Case | Case | Case | Case | Case | Case 
| ve | Vill‘; 1X8 | X® | XP 
| 
ie 


+{ +) +] +) 
| | | | | 

| 


Note: In most of the previously reported cases, only a single posteroanterior roentgenogram was available for study. 


+ indicates that the sign was present. 
— indicates that the sign was absent. 


o indicates that the sign was not visualized well enough to evaluate. 


clinician may be hampered by edema of the 
scalp and moulding of the skull secondary 
to the birth process but, as these effects 
subside, the asymmetry of the skull be- 
comes more apparent. Consistently present 
is flattening of the frontal region; exoph- 
thalmos and facial asymmetry may be 
apparent clinically. 

Failure to realize that unilateral exoph- 
thalmos may be associated with this dis- 


ease can lead to confusion and erroneous 
diagnosis. Other causes of exophthalmos in 
this age group include brain tumor, sub- 
dural hematoma, arteriovenous aneurysm 
of the brain or orbit, orbital neoplasm, 
congenital cyst and hemangioma of the 
orbit, orbital hemorrhage, and defective 
development of the sphenoid bone. Flatten- 
ing of the ipsilateral frontoparietal region 
would not be expected in these, however, 


| 
| 
~ | | + + + + 
| + | ° 4+ 
| 3 
| | | 
| 
ior 
on 
‘he 


440 M. H. Nathan, V. P. Collins and L. C. Collins 


and exophthalmos associated with flatten- 
ing therefore becomes a significant clinical 
sign for unilateral coronostenosis. The 
exophthalmos which occurs in defective 
development of the sphenoid bone is usu- 
ually found to pulsate.'! Pulsating exoph- 
thalmos also occurs in arteriovenous aneu- 
rysm of the brain, orbit and cavernous 
sinus, and a bruit is often associated in 
these cases." 

Asymmetric eye signs in unilateral cor- 
onostenosis are due to the deformity of the 
orbit on the involved side" and to prema- 
ture fusion of the orbital bones.'? Hyperopia 
results from shortening of the orbit and is 
sometimes associated with astigmatism; di- 
vergent strabismus is common! and optic 
atrophy may occur with blindness" due to 
bony pressure on the optic nerve.'® 

Asymmetric flattening of the skull may 
occur in other entities and is most often due 
to longstanding postural pressure by chronic 
resting of the head in one position during 
infancy; this is usually seen in defective in- 
fants who move their heads little and in in- 
fants with soft skulls.4 The appearance of 
these infants may at times cause the clini- 
cian to think of plagiocephaly, but the his- 
tory, clinical observations and roentgeno- 
graphic findings should help to establish 
the correct diagnosis. Asymmetry of the 
skull also may occur with scoliosis and 
torticollis, which have been referred to as 
scoliosis capitis,’ but this occurs later and 
should present no difficulty in differentia- 
tion. The asymmetry seen in hemiatrophy 
of the brain occurs later in infancy or 
childhood than that due to a craniosteno- 
sis, and the degree of asymmetry is less 
obvious. Nevertheless, where exophthal- 
mos is absent, cerebral hemiatrophy must 
be a serious consideration. Subdural hema- 
toma and brain tumor sometimes cause 
skull asymmetry but, in these cases, the 
asymmetry is due to bulging on the side of 
the pathology which can usually be sus- 
pected and localized by the neurologic 
signs. Unilateral coronostenosis, with the 
exception of eye signs, is not associated 
with abnormal neurologic findings. 
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A palpable ridge at the margins of the 
coronal suture and immobility of the adja- 
cent frontal and parietal bones are addi- 
tional clinical signs of coronostenosis; men- 
tal retardation is commonly found in 
bilateral coronostenosis but is infrequent 
in the unilateral form.*:* Congenital abnor- 
malities are often found in association with 
and include syndac- 
tylism, congenital heart disease, meningo- 
cele, cleft palate, micrognathia as the more 
common varieties. No associated congenital 
abnormalities were noted in the presented 
cases or mentioned in those cases of unilat- 
eral involvement reviewed in the literature. 
However, only 2 of the published cases 
gave summaries of the history and clinical 
findings. 

Facial asymmetry may occur and, when 
present, varies from a “bashed in” ap- 
pearance’ to slight elongation of the face 
on the involved side. There are other causes 
of facial asymmetry, including progressive 
facial hemiatrophy (Romberg’s syn- 
drome).?:!"" This entity 1s not associated 
with skull asymmetry and it occurs later. 

Treatment. Wide resection of the peri- 
cranium followed by linear craniectomy, 
producing channels 1.0 to 1.5 cm. wide and 
parallel to the prematurely fused suture, is 
the surgery of choice; the bone edges are 
encased in tantalum foil, acrvlic polyethyl- 
ene tubing, or polyethylene film,! the lat- 
ter being the substance of choice at present. 
Anderson and Johnson! recommend appli- 
cation of Zenker’s acetic fixative solution 
to the exposed dura mater to delay regen- 
eration of bone. When fusion of the bones 
of the orbit has resulted in exophthalmos, 
resection of the roof and lateral orbital 
wall is advised in addition.'? The squamosal 
suture should also be visualized and, if 
fusion has also occurred here, then sub- 
temporal decompression or extension of 
the craniectomy posteriorly along the 
squamosal suture has been recommended. 

The danger of surgery in proper hands 
is small relative to the risks of blindness 
and of psychologic effects secondary to 
the deformity.!® A difference of opinion 
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exists regarding surgical intervention, how- 
ever, and some** argue that prophylactic 
surgery is unnecessary unless progress 
roentgenograms show extension of the 
synostosis to involve other sutures or un- 
less cerebral symptoms develop. 

Prognosis. In the experience of those 
with large series of unilateral coronosteno- 
sis, this deformity is not accompanied by 
any brain disturbances.’ However, not all 
the sutures undergo closure at the same 
time in craniostenosis, and subsequent de- 
velopment of premature synostosis in 
other sutures, particularly in unilateral 
coronostenosis, 1s especially likely.*!% Pa- 
tients with unilateral coronostenosis must 
therefore be closely observed by periodic 
examinations since brain damage and 
mental retardation occur frequently when 
coronal synostosis is bilateral. 

Surgical intervention can reduce exoph- 
thalmos and strabismus and can prevent 
blindness. Progressive cosmetic deformity 
is prevented by the surgery and, as skull 
growth continues, these deformities tend 
to correct themselves. 

Following craniectomy, there is a tend- 
ency for the surgically formed sutures to 
close within four to eight months, necessi- 
tating reoperation in many.* Use of the 
polyethylene film to cover the bone edges 
has obviated reoperation in most cases but, 
occasionally, its use is ineffectual." Ander- 
son and Johnson! have found that use of 
polyethylene film delays closure of the 
surgical sutures for two years or more, and 
application of Zenker’s acetic solution to 
the dura at the operative site was found to 
be “probably even more effective.” 


ROENTGENOLOGIC DISCUSSION 


The roentgenologic signs of premature, 
unilateral coronostenosis include flattening 
of the frontoparietal and posterior parietal 
regions; narrowing of the coronal suture, 
sometimes with sclerosis; elevation of the 
ipsilateral lesser sphenoid wing and supe- 
rior margin of the greater sphenoid wing; 
elliptical orbit enlarged in the coronal plane 
but diminished in depth on the involved 
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side. The anterior fossa on the ipsilateral 
side is shallow and shortened and associated 
with enlargement and deepening of the 
middle and posterior fossae and depression 
of the petrous ridge. Displacement of the 
lambda to the involved side and obliquity 
of the nasal septum, directed superiorly 
toward the side of the involved suture, are 
prominent findings. Although the infant’s 
features may show a marked asymmetry, 
true asymmetry of the facial bones is either 
uncommon or difficult to demonstrate 
roentgenographically. The clinical appear- 
ance most likely results from depression of 
the temporomandibular fossa second to de- 
pression of the floor of the middle fossa 
and consequently of the mandible on the 
involved side. Thinning of the affected 
area of the calvarium occurs occasionally. 
Increased convolutional markings on the 
same side may be seen in older patients in 
whom the process is of longer duration, but 
these are not ordinarily present in infants. 

Roentgenograms of the 3 cases pre- 
sented and of other cases of unilateral 
coronostenosis reproduced in the literature 
(Table 1) reveal that certain roentgeno- 
graphic features (elliptically shaped orbit, 
elevation of the lesser sphenoid wing, flat- 
tening of the parietal region, shortening of 
the anterior fossa, and enlargement of the 
middle and posterior fossa) are present in 
all cases that could be analyzed for these 
signs. The obliqued nasal septum was 
found in all but 1 case. Displacement of 
lambda toward the involved side was a con- 
spicuous finding in 2 cases reported here 
and in 4 of 6 published cases in which the 
lambda was demonstrable. The coronal su- 
ture was not visualized satisfactorily in 1 
of our 3 cases, and the roentgenograms of 
cases reproduced in the literature usually 
included only anteroposterior or posteroan- 
terior projections, views in which the cor- 
onal suture is not well demonstrated. Of 
course, when premature narrowing of one 
of the coronal sutures is shown, this is 
prima facie evidence of premature synos- 
tosis, but narrowing of the suture in the ab- 
sence of marginal sclerosis may be difficult 
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to recognize or to demonstrate roentgeno- 
graphically. Nevertheless, even prior to 
closure of the suture or in the absence of 
coronal suture visualization, the diagnosis 
of unilateral coronostenosis may be made 
with confidence by means of roentgeno- 
graphic signs which are consistently pres- 
ent. 

On being confronted with the skull roent- 
grams in a case of unilateral coronostenosis 
for the first time, the possibilities that may 
come to mind include cerebral hemiatro- 
phy, chronic or recurring subdural hema- 
tomas, neurofibromatosis, a slowly growing 
brain tumor, space-occupying lesions of the 
orbit, developmental defects of the orbital 
wall,'*® postural asymmetry of the skull, 
and scoliosis capitis. Analysis of the roent- 
genograms in these diseases reveals that, 
although there are several features, includ- 
ing unilateral elevation of the sphenoid 
wings and asymmetry of the parietal area, 
which suggest coronostenosis, certain other 
findings are not consistent with this diag- 
nosis. 

On the involved side in chronic or re- 
lapsing subdural hematoma, subdural hy- 
groma, and other large, chronic, space- 
occupying lesions of the brain, the skull 
asymmetry is due to bulging of the ipsilat- 
eral temporoparietal region instead of flat- 
tening. There may be unilateral bulging of 
the middle fossa anteriorly, and the sphe- 
noid wings may be pushed up by the same 
process, but the orbital appearance typical 
of coronostenosis is absent. The petrous 
ridge may be elevated in chronic subdural 
hematoma (when chronic hemiatrophy de- 
velops secondarily) and depressed in large, 
slowly growing brain tumors. Bone destruc- 
tion in the sella turcica or orbit may be 
present, especially in neurofibromatosis, 
and this helps to exclude coronostenosis. 
Obliquity of the nasal septum is much less 
marked and much less common in the 
space-occupying group and, when it occurs, 
the deviation is more often away from the 
lesion. 

In unilateral coronostenosis as opposed 
to cerebral hemiatrophy, there is absence of 
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asymmetric thickening of the calvarium 
(and sometimes there is thinning), the 
petrous ridge is not elevated (and is usually 
depressed instead), and elevation of the 
lesser sphenoid wing is much more marked, 
Shortening of the anterior fossa and dimin- 
ished orbital depth are not features of cer- 
ebral hemiatrophy. Although premature 
synostosis of the coronal suture probably 
can occur as a result of hemiatrophy of the 
brain, it is a secondary process which is 
rare; the appearance suggesting synostosis 
in these cases is almost always due to nar- 
rowing and overlap of sutures instead,’ 
Asymmetry of the facial bones on the same 
side may occasionally occur with unilateral 
coronostenosis but has not been described 
in hemiatrophy. Obliquity of the nasal sep- 
tum, commonly found in unilateral corono- 
stenosis, makes a considerably less frequent 
and much less pronounced appearance in 
cerebral hemiatrophy. These roentgeno- 
graphic differences also apply to poren- 
cephalic cyst except that, in the latter, a 
local area of thinning or bulging of the cal- 
varium adjacent to the cyst may be pres- 
ent. 

Postural asymmetry of the skull and scoli- 
osis capitis should present no difficulties in 
the differential diagnosis, particularly if the 
clinical history is known. 

Congenital absence of the superior orbital 
wall can give an abnormal appearance to 
the bony orbit somewhat suggestive of uni- 
lateral coronostenosis but has certain fea- 
tures absent in the latter; a portion of the 
bony orbit is missing, the orbit does not 
have the typical elliptical appearance, there 
is always bulging of the temporal fossa, a 
temporal bone hiatus is present, and ab- 
normality of the sella turcica, which is 
sometimes deep and sometimes wide and 
shallow, may be found.'* Minor unilateral 
elevation of the lesser sphenoid wing has 
been noted to occur in unilateral agenesis 
of the eye; this may resemble coronosteno- 
sis but the involved orbit is small as op- 
posed to the enlargement usually noted in 
coronostenosis, and the other signs of un- 
lateral coronostenosis are missing. 
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Orbital tumors, including neurofibromato- 
sis, and orbital arteriovenous aneurysms oc- 
casionally cause enlargement of the bony 
orbit and may cause elevation of the sphe- 
noid wings but, in these, the orbital ap- 
pearance of coronostenosis is absent, the 
optic foramen may be enlarged and there 
may be destruction of the bony orbit. 

The typical elliptical shape of the bony 
orbit in coronostenosis, which Hope® likens 
to the appearance of women’s modernistic 
eyeglasses, is formed by the elevation of the 
upper, outer corner of the orbit. The su- 
perior and lateral orbital margins are 
straightened and slanted superiorly and 
laterally; the orbital depth is decreased 
while the orbit, projected in posteroan- 
terior or anteroposterior views, usually ap- 
pears enlarged. This appearance was pres- 
ent in all cases of coronostenosis that could 
be analyzed and is a pathognomonic fea- 
ture. It is not a finding of any other dis- 
ease. 

In most cases of unilateral coronosteno- 
sis, the nasal septum, although ordinarily 
straight, is seen to lie in oblique position 
with its superior end deflected towards the 
synostosis. A similar appearance may occur 
in any case of craniostenosis with asym- 
metry of the skull, as in microcephaly and 
oxycephaly when one coronal suture closes 
before the other. It is a seldom and mini- 
mal finding in cerebral hemiatrophy, por- 
encephaly and the Sturge-Weber disease 
where the deviation is towards the lesion, 
and in chronic or relapsing subdural hema- 
toma in which slight deflection of the sep- 
tum is more often in the opposite direction 
from the side of the pathology. When 
marked, as in Case 1, obliquity of the nasal 
septum is found only in plagiocephaly. 

Asymmetry of the face is clinically evi- 
dent in most cases of unilateral corono- 
stenosis and, although synostosis of the 
facial bones on the same side occasionally 
might explain this, depression of the ipsi- 
lateral temporomandibular fossa and con- 
sequent asymmetric displacement of the 
mandible is probably the far more frequent 
reason. That there are some instances of 
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facial asymmetry secondary to true synos- 
tosis of the facial bones was suggested by 
the roentgeaograms in Case x, Table 1. In 
some, the clinical asymmetry may be more 
apparent than real, an optical illusion due 
to the unilateral flattening in the frontal 
region. 

Although both are found in unilateral 
coronostenosis, there is no evidence for any 
direct cause and effect relationship be- 
tween septal deviation and facial bony 
synostosis. This tends to be confirmed by 
the absence of nasal septum obliquity in 
progressive facial hemiatrophy as seen in 3 
cases reviewed in the literature.? 


MECHANISM OF THE ANATOMIC CHANGES 


The abnormalities of the skull which 
characterize unilateral coronostensosis may 
be explained on the basis of knowledge that 
growth of the bones of the skull occurs at 
the sutural margins and depends on the ex- 
panding effect of the growing brain with- 
out which the bone growth will cease. 

When premature synostosis occurs at the 
coronal suture, there is cessation of growth 
of the parietal and frontal bones at right 
angles to this suture. Growth continues at 
uninvolved margins of these bones and 
other cranial bones apparently with a com- 
pensating increase. This results in flatten- 
ing of the cranium in the frontal and pos- 
terior parietal regions of the involved side. 
The frontal flattening is the more pro- 
nounced. While the affected parietal and 
frontal bones are shortened, their opposite 
numbers are not, so that lambda and the 
posterior sagittal suture are displaced to 
the shorter side of the skull. 

The elevation of the lesser sphenoid wing 
and the superior margin of the greater sphe- 
noid wing and orbital roof is due to the 
same process. In addition, synostosis may 
occur at the squamous suture and its ex- 
tensions, the sphenoparietal and the sphe- 
nofrontal sutures, so that the elevation of 
the lateral margin of the orbit and the 
sphenoid areas is accentuated. 

The nasal septum articulates with the 
sphenoid bone and any alteration in growth 
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of the sphenoid must involve this bone. 
Displacement of the nasal septum towards 
the side of the synostosis would therefore be 
expected in conjunction with the deviation 
of the sphenoid. 

The stimulus of the rapidly enlarging 
brain results in increased bone growth at 
the uninvolved sutures, and this effect is 
most pronounced at those sutures near the 
site of the coronostenosis. It represents a 
compensatory mechanism which explains 
the enlarged middle and posterior fossae, 
depression of the petrous ridge and the ab- 
sence of significant brain damage. 

Modeling due to osteoclastic and osteo- 
blastic activity secondary to pressure ex- 
erted by the expanding brain could account 
for thinning of the attected bone. 

Facial asymmetry is apparently the re- 
sult of enlarging and deepening of the ipsi- 
lateral middle fossa which results in dis- 
placement inferiorly of the mandibular con- 
dyle on the involved side. True unilateral 
synostosis of the facial bones must be rare. 


SUMMARY 
CLINICAL SIGNS OF UNILATERAL CORONOSTENOSIS 


1. Asymmetric flattening of the pos- 
terior parietal and frontoparietal areas. 

2. Ridging at margins of involved coro- 
nal suture and immobility of adjacent skull 
bones. 

3. Unilateral exophthalmos and diver- 
gent strabismus. 

4. Asymmetry of the face. 

5. Mental retardation in bilateral coro- 
nostenosis, but infrequently in unilateral in- 
volvement of the coronal suture. 

6. Often associated other congenital ab- 
normalities. 

7. Appearance of clinical signs in first 
year of life. 


ROENTGENOGRAPHIC SIGNS OF UNILATERAL 
CORONOSTENOSIS 
1. Narrowing of the involved coronal su- 
tures, sometimes with sclerosis. 
2. Elliptical, shallow bony orbit, enlarged 
in the coronal plane, on the same side. 
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3. Elevation of the ipsilateral lesser 
sphenoid wing. 

4. Flattening of the calvarium, and 
sometimes thinning, on the side of the 
synostosis. 

5. Shortening of the anterior fossa of 
skull associated with enlargement of the 
middle and posterior fossa on the involved 
side. 

6. Depression of petrous ridge on the ip- 
silateral side. 

7. Obliquity of nasal septum directed 
superiorly toward the side of the involved 
coronal suture. 

8. Deviation of lambda to the same 
side. 

g. Asymmetric position of the mandible 
and, rarely, asymmetry of the facial bones, 


DIFFERENTIAL DIAGNOSIS OF UNILATERAL 
CORONOSTENOSIS 

A. Disease entities most difficult to ex- 
clude clinically (these all develop at a later 
age): 

1. Cerebral hemiatrophy and _ poren- 
cephalic cysts. 

2. Space-occupying brain lesions includ- 
ing subdural hematomas and brain tumors. 

3. Space-occupying lesions of the orbit 
(tumors and aneurysms). 

4. Defective development of the bony 
orbit. 

5. Facial hemiatrophy (Romberg’s syn- 
drome). 

B. Roentgenographic signs of unilateral 
coronostenosis as aids in differential diag- 
nosis of these diseases: 

1. Elliptical orbit, associated with flat- 
tening of the frontoparietal or postero- 
parietal region and elevation of the lesser 
sphenoid wing on the same side, rules out 
all other diseases. 

2. Flattening of the parietal bone, when it 
occurs with ipsilateral lesser sphenoid wing 
elevation, excludes all other diseases except 
possibly cerebral hemiatrophy. In the pres- 
ence of an elliptical orbit, cerebral hemi- 
atrophy can also be ruled out. 

3. Marked obliquity of a straight nasal 
septum is not seen in any other disease, al- 
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though mild degrees of obliquity sometimes 
occur in cerebral hemiatrophy and sub- 
dural hematoma. 

4. Enlarged middle fossa permits, in addi- 
tion to unilateral coronal synostosis, con- 
sideration only of space-occupying lesions 
of the brain (tumors, aneurysms, and 
chronic and relapsing subdural hema- 
tomas). 

5. Depression of the petrous ridge ex- 
cludes all other lesions except brain tumors 
and the rare case of huge aneurysm. 

6. Elevation of the lesser sphenotd wing 
may occur in all the diseases listed above 
under “A” with the exception of progres- 
sive facial hemiatrophy. 

7. Facial asymmetry (but not obliquity 
of nasal septum or asymmetry of skull) is 
found in progressive facial hemiatrophy. 

8. Displacement of lambda in the degree 
evident in these cases of coronostenosis and 
in other forms of plagiocephaly is not seen 
in other conditions. 

(Note: unilateral synostosis of the lamb- 
doidal suture can give the same findings 
except for the elliptical orbit and elevated 
sphenoid wing.) 


CONCLUSIONS 

1. Three cases of premature, unilateral 
synostosis of the coronal suture have been 
presented along with an analysis of those 
roentgenograms reproduced in the litera- 
ture, and this entity is discussed particu- 
larly from a standpoint of clinical and 
roentgenologic diagnosis. 

2. When surgical treatment is indicated, 
early diagnosis is necessary to permit inter- 
vention before the complications of cranio- 
stenosis are permanently established. 

3. Early recognition of this condition is 
a roentgenologic responsibility. 

4. When exophthalmos occurs” with 
frontoparietal and posterior parietal flat- 
tening, the clinical evidence is strongly sug- 
gestive of unilateral coronostenosis. Never- 
theless, cerebral hemiatrophy can be difter- 
entiated with certainty only by roentgeno- 
graphic examination. 

s. Narrowing of the coronal suture, 
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when present, is prima facie evidence of 
coronostenosis, but this may be absent 
early in the disease or difficult to demon- 
strate. However, an enlarged, elliptical or- 
bit (as seen on posteroanterior and antero- 
posterior roentgenograms) is always pres- 
ent and is a pathognomonic sign. The cor- 
rectness of the diagnosis may be confirmed 
by the other roentgenographic signs on the 
ipsilateral side, especially the following: (a) 
elevated sphenoid wing and (b) flattened 
parietal bone. 

6. Obliquity of the nasal septum is a 
helpful adjunctive sign which, when of 
marked degree, has been found only in 
plagiocephaly. Out of 10 cases of corono- 
stenosis that could be analyzed for this sign, 
it was present in 9. 

7. Definite displacement of lambda to 
the involved side has not been noted in 
conditions other than plagiocephaly. 


M. H. Nathan, M.D. 
Jefferson Davis Hospital 
Houston 3, Texas 
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SKULL CHANGES IN IRON DEFICIENCY ANEMIA 
SIMULATING CONGENITAL HEMOLYTIC 
ANEMIA* 


By HENRY BURKO, M.D.,f HARRY Z. MELLINS, M.D.,+ and JANET WATSON, M.D.t 


BROOKLYN, NEW YORK 


IDENING of the diploic space and 

thinning of the outer table of the 
skull, originally described in children with 
chronic hemolytic anemia, were reported 
for the first time in a child without hemo- 
lytic anemia or red blood cell sickling by 
Feingold and Case’ in 1933. A museum 
study of the skulls of ancient Peruvians, by 
these authors, revealed that the incidence 
of similar skull changes was far greater 
than the anticipated incidence of hemolytic 
disease. The relationship between these 
skull changes and iron deficiency anemia 
was first indicated by Eng? in 1958. He re- 
ported cortical thinning and diploic widen- 
ing in the frontal and parietal bones of a 
twelve vear old girl, and published the re- 
sults of an extensive examination of her 
blood. Hemoglobin analysis revealed a 
normal amount of alkali-resistant hemo- 
globin and no abnormal hemoglobin. There 
was, however, severe hypochromic micro- 
cytic anemia and erythroid hyperplasia of 
the sternal marrow, with iron depletion. It 
was presumed that similar marrow hyper- 
plasia occurring in the skull produced the 
changes seen roentgenographically. The 
patient felt well after treatment with iron 
preparations and the hematologic indices 
returned to normal. In 1960, Shahidi and 
Diamond" reported 3 cases of iron defi- 
ciency anemia with skull changes simulat- 
ing the hemolytic anemias, and, later the 
same year, Britton, Canby, and Kohler? 
added 5 cases to the literature. This report 
will describe the skull changes in 7 patients 
with iron deficiency anemia recently seen 
at the Kings County Hospital Center. 


REPORT OF CASES 


Case 1 (Fig. 1, 4 and B). A Negro girl, nine- 
teen months old, was admitted to the hospital 
because of coryza, cough, and fever of three 
days’ duration. She had been born at term 
weighing six pounds seven ounces and was one 
of twins. At the time of admission, she was 
pale and malnourished, her face was puffy and 
there were prominent bulges over the frontal 
and parietal bones. The liver and spleen were 
enlarged. 

Examination of the blood revealed a micro- 
cytic hypochromic anemia with a hemoglobin 
concentration of 3.5 gm./100 ml. Skull roent- 
genograms showed widening of the diploic space 
in the frontal and parietal bones, trabecular 
atrophy and thinning of the tables. She re- 
ceived transfusions of packed red blood cells 
and was sent home. 


Case u (Fig. 2). A Negro girl, thirteen 
months old, was admitted in acute respiratory 
distress, with a cough and fever. She had been 
born with a twin at term weighing four pounds 
fifteen ounces. Gestation had been complicated 
by frequent maternal episodes of vaginal bleed- 
ing resulting in significant maternal anemia. 
The child’s diet had contained milk and solids 
but was devoid of meats and nutritional supple- 
ments. 

On admission, the child was pale and had an 
enlarged liver. Hemoglobin concentration was 
4.0 gm./100 ml. Skull roentgenograms revealed 
widening of the diploic space in the frontal 
bone, with trabecular atrophy. 


Case 1 (Fig. 3, 4 and B). A Negro boy, who 
had been born at seven months’ gestation 
weighing three pounds six ounces, had been fed 
exclusively with evaporated milk formula. At 
twelve months of age, the child was taken to a 


*From the Departments of Radiology and Pediatrics of the State University of New York Downstate Medical Center and the 


Kings County Hospital Center, Brooklyn, New York. 
+ Department of Radiology. 
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Fic. 1. Case 1. (4 and B) Skull roentgenograms reveal marked trabecular atrophy with thinning of the tables 
and widening of the diploic space. Changes are most marked in the parietal bones, in which vertical stria- 


tions are noted. 


health station for a_ periodic examination. 
Following the advice of the examiner, the child 
was brought to the hospital. 

At the time of admission, the child was pale 
and underdeveloped. His eyelids and legs were 
puffy. His head was distorted by prominences 
in the parietal regions. 

Hemoglobin concentration on admission was 
3 gm./100 ml. Roentgenograms of the skull 


Fic. 2. Case u. Lateral view of the skull reveals 
trabecular atrophy in the frontal bone, with 
widening of the diploic space. 


demonstrated a widened diploic space in the 
frontal and parietal bones, with atrophy of the 
outer table in the medial part of the midparietal 
bones. 


Caseiv. A Negro boy, aged fourteen months, 
was admitted to the hospital because of respira- 
tory distress and coryza of two days’ duration. 
He had been born at term weighing four pounds 
four ounces. Evaporated milk formula com- 
prised his diet almost exclusively. 

On admission the child was pale and under- 
weight and had an enlarged liver. Hemoglobin 
concentration was 1.4 gm./ 100 ml. Skull roent- 
genograms revealed widening of the diploic 
space in the frontal and parietal bones, with 
mild trabecular atrophy and thinning of the 
outer tables. 


Case v. A twenty-four month old Negro boy 
was brought to the emergency room for treat- 
ment of an insect bite and was admitted to the 
hospital because of pallor. The child had been 
born at term weighing six pounds. He had been 
fed milk exclusively since birth. Hemoglobin 
concentration was 3.3 gm. 100 ml. Skull roent- 
genograms revealed widening of the diploic 
space and thinning of the outer table of the 
parietal bones. 
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ic. 3. Case ut. (4 and B) Skull roentgenograms reveal the widened diploic space in the frontal and 
parietal bones with considerable thinning of the outer table in the medial part of the parietal bones. 


Case vi. A Negro girl, ten months old, was 
admitted because of fever and cough. The child 
had been born at term weighing six pounds and 
three ounces. Her diet consisted of evaporated 
milk formula. 

On admission, the child was underweight and 
underdeveloped. She was unable to sit without 
support. 

Hemoglobin concentration was 7.8 gm./ 100 
ml. Skull roentgenograms revealed a widened 
diploic space, marked thinning of the outer 
table, and trabecular atrophy involving the 
parietal bones to a greater extent than the 
frontal bones. 


Case vu. A Negro boy, aged twenty-four 
months, was admitted because of a scalp and 
ear infection. A birth and dietary history could 
not be obtained. The child had been abandoned 
by his parents and was being cared for by a 
neighbor. 

Hemoglobin concentration on admission was 
6.5 gm. too ml. Skull roentgenograms revealed 
a widened diploic space in the frontal and 
parietal bones. 


The diagnosis of chronic iron deficiency 
anemia in these 7 patients was established 
by the demonstration of hypochromic mi- 
crocytic red blood cells and by the subse- 
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quent rise in hemoglobin concentration 
following iron therapy. 


REVIEW OF ALL REPORTED CASES OF IRON 
DEFICIENCY ANEMIA WITH 
SKULL CHANGES 

Comparisons among the 16 reported pa- 
tients with iron deficiency anemia and skull 
changes may be summarized as follows: 

Birth History. Half of the children were 
born prematurely; half were born with a 
twin. 

Diet. A majority of the children had a 
dietary intake restricted to milk. 

Physical Findings. Almost all of the chil- 
dren were poorly developed and poorly 
nourished. Many had palpable cranial boss- 
ing. Half of the children had moderate en- 
largement of the liver and spleen. Two 
children had edema of the face and eyelids. 

Hematologic Considerations. The hemo- 
globin concentration, before therapy, 
ranged from 1.4 to 7.8 gm./100 ml. Serum 
iron determinations (not performed in pa- 
tients reported in this paper) were below 
50 wgm./100 ml. No evidence of increased 
erythrocyte destruction, abnormal hemo- 
globins, or increase in alkali-resistant hemo- 
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globin was found. Bone marrow studies, 
when performed, revealed marked eryth- 
roid hyperplasia and increased iron bind- 
ing capacity. 

Roentgen Findings. The long bones ex- 
amined roentgenographically were found 
to be normal. 


DISCUSSION 

Marrow hyperplasia is a striking mani- 
festation of the chronic hemolytic anemias. 
The anatomic structures responsible for the 
roentgen appearance of marrow hyper- 
plasia have been carefully studied. Cooley, 
in 1927,'° and, subsequently, Cattey*® de- 
scribed necropsy findings in thalassemia 
major. The diploic spaces of the calvarium 
are widened and filled with ‘‘sponge-like 
marrow traversed by bony trabeculae run- 
ning at right angles to the tables.” Both 
tables are atrophic, particularly the outer 
table. The calvarium, the mandible, and 
the facial bones, as well as the axial skele- 
ton and appendages, are similarly involved. 
Cooley’s explanation of the bone changes is 
that they are ‘‘the result of the reaction of 
marrow to prolonged overstimulation as a 
consequence of chronic hemolysis, begin- 
ning before the cortex is too firm to permit 
overgrowth of marrow.’ 

The roentgen appearance of marrow hy- 
perplasia results from the expansion of 
young bone by an overstimulated marrow. 
In the first few weeks of normal life, eryth- 
ropoiesis is relatively inactive.® As a conse- 
quence, the hemoglobin level in a normal 
newborn begins to fall soon after birth and 
may reach a minimum level in one to two 
months.” The relative hypoxia, and other 
stimuli, initiate active erythropoiesis. In 
the presence of anemia, the erythropoietic 
response is exaggerated and the degree of 
response is, in general, related to the se- 
verity of the anemia. The overactive eryth- 
ropoiesis is manifested largely as marrow 
hyperplasia. A latent period of several 
months occurs between the clinical onset of 
anemia and the roentgen evidence of mar- 
row hyperplasia. Caffey*® has described the 
roentgen appearance of marrow hyper- 
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plasia as early as three months after the 
onset of anemia. 

Roentgen evidence of marrow hyper- 
plasia occurs when severe anemia has an 
early onset. The age of patients at the 
time of the initial appearance of congenital 
hemolytic anemias varies somewhat. Sev- 
eral congenital hemolytic syndromes, such 
as thalassemia major and congenital sphe- 
rocytosis, may be present at, or shortly 
after, birth.® On the other hand, hemolytic 
anemias characterized by the production of 
an abnormal type of hemoglobin are de- 
layed in onset by the presence of large 
amounts of fetal hemoglobin. Sickle cell 
anemia is a prime example of this latter 
type of hemolytic anemia, with the onset of 
anemia usually occurring after six months 
of age. 

Iron deficiency anemia may occur early 
in life and, in many instances, is severe. It 
is defined as a transition from a normo- 
cytic, normochromic “blood picture’ to 
one that is microcytic, hypochromic, and it 
responds to treatment with iron." Infants 
and growing children require iron for in- 
crease in blood volume and myoglobin vol- 
ume, and for respiratory enzymes which 
are required by all cells. It is felt that nor- 
mal growing children maintain only a 
slightly positive iron balance. Inadequate 
iron in the diet or inadequate absorption of 
iron can readily result in iron deficiency.* 
In the absence of adequate exogenous iron 
sources or adequate iron absorption, the 
exhaustion of endogenous iron reserve can 
occur two to three months after birth,!” re- 
sulting in the onset of iron deficiency 
anemia. 

Several clinical investigations have em- 
phasized the predisposing factors in iron 
deficiency anemia. In a study of 272 cases 
of iron deficiency anemia, Woodruff” 
found a birth weight distribution which 
was considerably less than average, with a 
high incidence of twins and premature 
births. Dawson and Desforges' also found a 
predominance of premature infants and 
twins. In addition, maternal iron depletion 
and inadequate diet appeared to play major 
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roles in the production of iron deficiency 
anemia. In over half the cases reviewed, 
two or more of the above factors contrib- 
uted to anemia. In instances where one 
factor was important, this was most fre- 
quently a deficient diet. In a review of ante- 
natal factors contributing to infant blood 
disorders, Potter’ cites anemia from blood 
loss in utero, and anemia from blood de- 
struction by infections and antibodies. 
These blood losses may increase the sever- 
ity of subsequent iron deficiency anemia. 
The above studies indicate that low birth 
weight, most profound in the presence of 
twinning and prematurity, results in a 
relatively greater growth rate and nutri- 
tional requirement. Antenatal loss of iron, 
either by maternal or fetal iron depletion, 
reduces endogenous iron stores. In the ab- 
sence of these predisposing factors, a diet 
deficient in iron appears to be the most im- 
portant cause of iron deficiency anemia. 

Cattey* has described the skeletal changes 
in thalassemia major in comparison with 
those in other chronic hemolytic anemias. 
The earliest change in the skull is de- 
scribed as widening of the diploic space 
initially, in the inferior squamosal portion 
and horizontal plate of the frontal bone 
and, subsequently, in the parietal bone. 
Dittuse osteoporosis and trabecular atrophy 
occur, with thinning of the tables, more 
marked in the outer table. Later, coarse 
trabeculae, oriented as vertical striations, 
appear in the posterior frontal and anterior 
parietal bones. 

As a rule, the most severe clinical cases 
develop the earliest and most marked bone 
lesions. However, in patients of the same 
age, with similar clinical and hematologic 
findings, surprising differences in the roent- 
gen findings in the skull are encountered. 
Catfey® concluded that thalassemia 
major “the skull alone is not necessarily a 
reliable criterion of the presence of (hemo- 
lytic) disease, nor is it an index of the de- 
gree of involvement of the remainder of the 
skeleton.” In other chronic hemolytic 
anemias the changes in the skull vary even 
more widely. In many instances, the roent- 
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gen findings are identical with the early 
changes described in thalassemia major— 
widening of the diploic space in the frontal 
bone with diffuse osteoporosis and trabecu- 
lar atrophy; occasionally, however, the 
parietal bones are involved to a greater 
extent than the frontal bones. 

The reported patients with skull changes 
in chronic iron deficiency anemia have 
demonstrated the same variability in ap- 
pearance as in the chronic hemolytic ane- 
mias. A comparison of the skull roentgeno- 
grams reproduced in this paper reveals 
considerable variation in the severity of 
bony changes as well as differences in the 
sites of most marked involvement. Siblings 
of the children, many of whom had equally 
severe iron deficiency anemia, had no 
skull changes. Many children admitted to 
the Kings County Hospital Center with 
profound iron deficiency anemia had no 
discernible skeletal abnormalities. It is 
evident that in both chronic hemolytic 
anemia and in chronic iron deficiency 
anemia the skull is an unpredictable and 
unreliable index of the presence or severity 
of anemia. 

Aside from marrow hyperplasia in the 
chronic hemolytic anemias and chronic 
iron deficiency anemia, skull changes have 
been reported in 2 patients with congenital 
cardiac anomalies associated with cyanosis 
and polycythemia.' Simulators of marrow 
hyperplasia in the skull* are rickets, pseudo- 
hyperparathyroidism, infantile cortical hy- 
perostosis, and idiopathic hypercalcemia. 
No problem should be encountered in 
clinical differentiation. 


SUMMARY 


Marrow hyperplasia in young, yielding 
skull bones causes widening of the diploic 
spaces and thinning of the outer tables. 
These roentgen findings were originally 
attributed to the marrow hyperplasia of 
chronic hemolytic anemias but they re- 
cently have been reported in g children 
with chronic iron deficiency anemia. This 
report adds 7 children to those reported 
with skull changes in iron deficiency ane- 
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mia. Like chronic hemolytic anemias, iron 
deficiency anemia may occur early in child- 
hood in a severe form. Anemia invokes an 
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and storage factors in iron-deficiency anemia 
of infancy. Am. ‘Ff. Dis. Child., 1958, 96, 169 
179. 


: a 5s. Enc, L. I. L. Chronic iron deficiency anemia 
exaggerated erythroid response, manifested with bone changes resembling Cooley’s ane- 
largely as marrow hyperplasia. The skull mia. Acta haemat., 1958, 19, 263-268. 
changes of marrow hyperplasia vary con- 6. Ertanpson, M. E., and HitGarrner, M. 
siderably in different children and do not Hemolytic disease in neonatal period and early 
reflect the severity of anemia. _infancy. 7. Pediat., 1959, 54, $66-585. 
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HYDRANENCEPHALY: PLAIN FILM FINDINGS* 


By LEONID CALENOFP, M.D.7 


CHICAGO, ILLINOIS 


YDRANENCEPHALY is an anom- 

aly consisting of complete or nearly 
complete absence of the cerebral hemi- 
spheres with intact meninges and _ skull.* 
The resulting cavity is filled with cerebro- 
spinal fluid. This condition, an autopsy 
curiosity a few years ago, is being diag- 
nosed now during life by means of transil- 
lumination of the skull’ and special roent- 
genologic procedures such as ventriculogra- 
phy and carotid angiography. 

A recent case of hydranencephaly, for 
which we had only plain skull roentgeno- 
grams (ig. 1 and 2), caused us to review 
the literature. We could not find any illus- 
trations of plain skull roentgenograms for 
cases of hydranencephaly, despite the fact 
that they are diagnostic and that it would 
be helpful to know the specific findings. 


ILLUSTRATIVE CASE 

Our case was an infant, delivered with a 
breech presentation, who cried after birth and 
who presented a Bell’s palsy, because of which 
skull roentgenograms were obtained two hours 
after birth. The anteroposterior and lateral 
views showed normal measurements (head cir- 
cumference, 35.5 cm.; chest circumference, 37 
cm.), thinning of the inner table, undifferen- 
tiated external table at the frontoparietal 
areas, and prominent suture and fontanelle 
width. 

The infant died twenty-four hours later and 
at autopsy the cerebral hemispheres were 
found to be missing; they were represented by 
two small buds of brain tissue lying over the in- 
tact pons and cerebellum. The meninges were 
intact and filled with fluid which was not under 
pressure. 


DISCUSSION 


In addition to transillumination® and 
Hat line electroencephalography,' plain 
skull roentgenography, ventriculography 


Fic. 1. Anteroposterior roentgenogram of the skull of 
a newborn infant with proved hydranencephaly. 
The apparent widening of the suture in the normal- 
sized skull is due to incomplete ossification of the 
calvarial bones. 


and carotid angiography are the roent- 
genologic procedures of choice, depending 
on the degree of underdevelopment of the 
hemispheres. 

In ventriculography,? 300 cc. of cerebro- 
spinal fluid is replaced by oxygen and usu- 


* From the Department of Radiology, College of Medicine, University of Illinois, Chicago, Illinois. 
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Fic. 2. Lateral roentgenogram of the skull in the 
same case as in Figure 1. The skull measurements 
are within normal limits. There are no signs of in- 
creased intracranial pressure. 


ally an enormous cavity with a fluid level 
is demonstrated. There is ordinarily no 
evidence of ventricular pattern or cerebral 
cortex. Inverted, vertical and lateral views 
sometimes show residual, nondeveloped 
cerebral tissue in the posterior fossa or 
frontal region. 

The carotid angiogram! usually demon- 
strates an anterior cerebral artery, essen- 
tially normal in position but with slight 
straightening of the ascending segment. 
The medial cerebral artery lies closer to the 
base of the skull and, on the anteroposterior 
roentgenogram, shows a curvature of the 
proximal segment with downward con- 
vexity. 

The findings on the plain skull roent- 
genogram,’ the ones we like to stress, are: a 
normal-sized skull for the infant’s age, al- 
though sometimes slightly larger’ or 
slightly smaller’ than normal; and incom- 
plete ossification of the calvarial bones sug- 
gesting separation of the sutures and widen- 
ing of the fontanelle—features which, how- 
ever, are only apparent. 
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This particular aspect of the skull in 
hydranencephaly demonstrates a develop- 
mental anomaly caused by the lower pres- 
sure exerted by the fluid (and meninges) on 
the skull than the brain would exercise. For 
the same reason, an anencephalic would not 
develop a calvarium, and a hydrocephalic 
would develop thin skull bones, with sepa- 
rated sutures and a marked increase in 
skull size. 


SUMMARY 


The roentgen diagnosis of hydranence- 
phaly is discussed briefly in connection 
with the plain skull roentgenograms of a 
proved case. No similar roentgen studies 
are known to have been published. The 
plain roentgenography skull findings in 
hydranencephaly are summarized as_fol- 
lows: skull size within normal limits for the 
infant’s age; marked thinning of the inner 
table, without osteolysis; unditterentiated 
external table at the frontoparietal areas; 
apparent widening of sutures and fonta- 
nelle and, sometimes, the presence of cystic 
shadows projecting over the frontoparietal 
areas and corresponding to the cerebral 
ventricles. 


Department of Radiology 
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MENINGIOMA OF THE POSTERIOR FOSSA 
IN A CHILD* 


By WILLIAM E. GANNON, M.D. 


BROOKLYN, NEW YORK 


are tumors rarely 
seen before adolescence. Bailey e¢ a/.! 
reported 2 meningiomas in a series of 100 
tumors of childhood. Globus et a/.° found 2 
meningiomas in a series of g2 tumors of 
childhood and adolescence, and Cuneo and 
Rand* encountered 2 in a series of 83 intra- 
cranial tumors in childhood. Bergstrand 
et al.? reported 2 meningiomas among 293 
brain tumors in children, Ingraham and 
Matson® found 1 in 313 intracranial tumors 
in children, and Paillas et a/.'° reported 2 
among 293 brain tumors in children. 

A case of meningioma of the posterior 
fossa in a child with calcification as a chief 
finding is being reported. 


REPORT OF A CASE 


This four year old Puerto Rican female was 
transferred from another hospital with a history 
of generalized convulsive seizures of one 
month’s duration. While in the other hospital, 
she had also developed ataxia. Physical exami- 
nation upon admission revealed nystagmus on 
left lateral gaze, left peripheral facial paresis, 
left facial hypalgesia, and a diminished left 
corneal reflex. The deep tendon reflexes were 
hyperactive bilaterally. The finger to nose test 
was impaired bilaterally but more so on the 
left. 

Roentgenograms of the skull revealed a large 
area of fine calcification, posterior and inferior 
to the left petrous bone, best seen on the sagit- 
tal roentgenograms (lig. 1 and 2), which ap- 
peared to be made up of radiating strands. 

A suboccipital craniotomy disclosed a finely 
granular, moderately vascular tumor arising 
from the posterior surface of the left petrous 
bone, extending almost to the midline and dis- 
placing the pons and brainstem to the right. An 
incomplete removal was performed. The path- 
ologic diagnosis was fibrocytic meningioma. 


Fic. 1. Posteroanterior roentgenogram showing the 
area of calcification through the left bony orbit. 


DISCUSSION 


Meningiomas arising in the posterior 
fossa are infrequent at any age. Grant? 
found only 3 meningiomas of the posterior 
fossa in a series of 149 intracranial men- 
ingiomas. In Olivecrona’s® series of 4,185 
cases of verified brain tumors, there were 
68 cases of meningioma of the posterior 
fossa, representing 1.7 per cent of all cases. 
The ratio of posterior fossa meningiomas to 
all intracranial meningiomas was 1 to 12. 
Cushing and Eisenhardt! found a ratio of 1 
to 13 in their series of 295 intracranial 
meningiomas. They called attention to the 
ditference in area between the subtentorial 
and supratentorial dura, stating that the 


* From the Departments of Radiology of the State University of New York, Downstate Medical Center, Brooklyn, New York, and 


the Kings County Hospital Center, Brooklyn, New York. 


456 


| 
A 
: 
Be 


VoL. 86, No. 3 


Fic. 2. Occipital roentgenogram showing the calcifi- 
cation arising from the medial two-thirds of the 
left petrous bone. 


subtentorial dura measures 166 sq. cm. 
while the supratentorial dura measures 754 
sq. cm. 

In a series of 273 tumors in children 
French? found 7 meningiomas, 2 of them 
subtentorial. Tristan and Hodes" had only 
| patient under ten years of age In $9 cases 
of posterior fossa meningioma. 

Calcification has been frequently de- 
scribed in supratentorial meningiomas in 
children and in meningiomas of the poste- 
rior fossa in adults; however, in a review of 
several large series of infratentorial men- 
ingiomas in children, calcification has not 
been mentioned as a finding. 


SUMMARY 


A case of meningioma of the posterior 
fossa in a child is reported. In this patient 
marked calcification was noted in_ the 
tumor. Calcification in such meningiomas, 
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while fairly common in adults, appears to 
be an unusual finding in children. 
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INTRACRANIAL CALCIFICATION IN INFANTS* 


IS IT POSSIBLE ROENTGENOGRAPHICALLY TO DISTINGUISH 
BETWEEN TOXOPLASMOSIS AND CYTOMEGALIC 
INCLUSION DISEASE? 


By ARTHUR S. TUCKER, M.D. 


CLEVELAND, OHIO 


ALCIFICATIONS of the brain in in- 

fants can almost always be considered 
to be of inflammatory origin. Tumor and 
physiologic origins of calcified brain tissue 
are almost unheard of in the first few years 
of life. Of the inflammatory processes 
causing intracranial calcification in- 
fants, toxoplasmosis is easily the most com- 
mon. Hundreds of cases have been reported 
since the identification of Toxoplasma as a 
human pathogen by Wolf, Cowen, and 
Paige in 1939.’ 

The most helpful single finding in diag- 
nosing toxoplasmic infection is the pres- 
ence of chorioretinopathy. Other condi- 
tions encountered frequently enough to 
form with chorioretinopathy a tetrad of 
diagnostic features are cerebral calcifica- 
tion, hydro- or microcephaly, and psycho- 
motor disturbances. The diagnosis is best 
substantiated by serologic studies. Of 
these, the most practicable in most in- 
stances is the dye test for antibodies. In 
some cases, complement fixation is a useful 
adjunct, although this antibody develops 
more slowly and disappears more rapidly 
than the dye test antibody. 

The calcifications in toxoplasmosis com- 
monly are in foci scattered through gray 
and white matter. Apart from a tendency 
to be more numerous in the posterior than 
in the anterior part of the brain (Fig. 1 and 
2), the distribution of the calcifications 
covers a wide area. Dyke et al.’ in 1942 
pointed out that a most characteristic but, 
unfortunately, not most common distribu- 
tion was in curved streaks in the basal 
ganglia and thalami (Fig. 3). 

In recent years, the reports on toxoplas- 
mosis as a cause of intracranial calcifica- 


Fic. 1. Skull roentgenogram of a three and one-half 
year old female shows scattered foci of calcifica- 
tion, principally in the posterior part of the brain. 
The child had a mild microcephaly, with bilateral 
central choroiditis, and an I.Q. of §1. 


tion have been outnumbered by those de- 
scribing a new disease of virus etiology 
commonly called cytomegalic inclusion dis- 
ease. In this infection of the newborn child, 
there always is jaundice, and the clinical 
manifestations, particularly as related to 
the eyes and central nervous system, may 
be indistinguishable from those described 
in toxoplasmosis. Intracranial  calcifica- 
tions may be present and, as in toxoplas- 
mosis, the lesions are apt to be multiple 
scattered foci. Other organ systems of the 
body are commonly involved, and the liver 
and spleen invariably show severe effects of 
the infection. The diagnosis is frequently 
made by finding inclusion cells in the urine, 
gastric washings, or other secretions. 


* From the Departments of Radiology, Western Reserve University and University Hospitals of Cleveland. 
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DIFFERENTIAL DIAGNOSIS 


Although cytomegalic inclusion disease 
is a much less common cause of widely dis- 
tributed intracranial calcifications than is 
toxoplasmosis, a differential diagnosis be- 
tween the two may be difficult. The dye 
test may not provide an immediate answer 
regarding toxoplasmosis, partly because it 
involves sending serum to one of the 
laboratory centers equipped to perform 
the test, but principally because a positive 
titer in a newborn infant is meaningless if 
the mother has been infected. 

Cytomegalic inclusion disease may be 
equally difficult to prove if inclusion cells 
are not readily spotted in the excreta of the 
infant. The radiologist, therefore, may be 
asked whether there is anything about the 
lesions in the brain which will weigh in 
favor of one or the other diagnosis. 


FINDINGS REPORTED IN THE 
LITERATURE 


Several articles have suggested that a 
systematic arrangement of calcification 
lining the lateral ventricles may be help- 


Fic. 2. Skull roentgenogram of a six month old female 
shows scattered foci of calcification in approxi- 
mately a periventricular distribution, but air 
studies were not performed for exact localization. 
The clinical features were microcephaly, spastic 
seizures, and retinitis. 
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Fic. 3. A five and one-half year old male with a his- 
tory of convulsions since the age of three. The pa- 
tient was severely retarded, unable to talk or feed 
himself, and could walk only with assistance. Hear- 
ing and visual perception were markedly limited. 
He had the habit of hitting his head against the 
wall. The skull roentgenogram shows streaks of 
calcification (arrows) which are rather character- 
istic of toxoplasmosis. 


ful in favoring a diagnosis of cytomegalic 
inclusion disease. Mercer, Luse, and Guy- 
ton,” in their case report of the first patient 
to be diagnosed during life, state,“Ventric- 
ulograms confirmed impression that these 
areas of calcification were primarily in rela- 
tion to ventricular walls.” 

Haymaker et a/.‘ reported a case with ad- 
vanced periventricular calcification, and 
concluded, ‘‘It seems likely that mental 
deficiency associated with periventricular 
calcification may in some instances be due 
to cytomegalic inclusion disease.” 

Sackett and Ford® showed extensive 
calcification of the linings of the ventricles 
in their case report. They apparently 
missed seeing the article by Haymaker 
et al. for they say, ““Demonstration of the 
outline of the lateral ventricles of the brain 
on a RG of the skull is illustrated. This 
is the second such case reported, and in 
both the autopsy confirmed the impres- 
sion of generalized cytomegalic inclusion 
disease.” 

Some recent articles are more emphatic. 
Daurelle, Smith, and Riemer,’ in 1958, re- 
ported a case with calcium outlining the 
walls of the lateral ventricles, and suggested 
“that this radiographic finding, when pres- 
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Fic. 4. (4 and B) Calcification is seen in a distinct layer approximately 3 cm. within the calvarium 
and down the longitudinal fissure (arrows). 


ent, indicates a diagnosis of cytomegalic in- 
clusion disease, and may be pathognomonic 
ot the disease.” 

Allen and Riley! at about the same time 
reported 2 cases, 1 of which showed cal- 
cification outlining dilated lateral ven- 
tricles, and they concluded, “Visible calcifi- 
cation outlining dilated lateral ventricles 
is probably pathognomonic when it 
occurs.” 

In the light of these experiences, we were 
presented with a case which exhibited ex- 
tensive intracranial calcification. 


REPORT OF A CASE 


A premature male weighing 1,800 gm. was 
the product of a thirty-two week pregnancy. 
Routine physical examination at four hours had 


ic. ¢. Kormalin-fixed brain, sectioned Jongitud!- 
nally. The parietal and occipital cortex was. se- 
verely thinned, and the posterior parts of the lat- 
eral ventricles were so dilated that their walls col- 
lapsed and intolded upon sectioning. Arrows point 
to flakes of calcium in the ependymal lining of the 
dilated ventricles. 
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revealed hepatosplenomegaly, and a_ blood 
smear showed a marked decrease in platelets. 
Upon admission at sixteen hours to Babies and 
Childrens Hospital there was, in addition, evi- 
dence of slight jaundice, and many petechiae 
scattered in clusters over the body. Coombs’ 
test was negative. The jaundice rapidly 
became more severe. Exchange transfusion 
was started, during which the infant died at 
twenty-five hours of age. 

Antemortem skull roentgenograms demon- 
strated calcifications of both hemispheres, prin- 
cipally in symmetric layers slightly within the 
cortex (lig. 4, 4 and B). Autopsy revealed 
diffuse involvement of the organs by toxoplas- 
mosis. Examination of the brain (Fig. 5 and 6) 
showed that the distribution of calcium was due 
to marked hydrocephalus, with lime deposited 
primarily in the ependymal lining. 


CONCLUSION 


On the basis of an autopsy diagnosis ot 
toxoplasmosis of a newborn infant with a 
layer of calcium lining the dilated lateral 
ventricles, we are unable to substantiate 
any roentgenographic feature which can be 
considered to be pathognomonic of cyto- 
megalic inclusion disease. 


2065 Adelbert Road 
Cleveland 6, Ohio 


The author gratefully acknowledges the assistance 
of Dr. Robert P. Bolande in providing photographs 
from which kigures § and 6 were prepared. 
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lic. 6. Histologic section of the brain cortex of the 
patient shown in Figures 4 and 5. The Toxoplasma 
parasite is conspicuous. 
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SPONDYLO-EPIPHYSEAL DYSPLASIA (PSEUDO- 
ACHONDROPLASTIC TYPE)* 


By NEWELL FORD, M.D., FREDERIC N. SILVERMAN, M.D., and K. KOZLOWSKI, M.D. 


CINCINNATI, OHIO 


N aclassification of skeletal dystrophies, 

spondylo-epiphyseal dysplasias are said 
to comprise a subgroup of hereditary 
chondrodystrophies which is characterized 
by epiphyseal and vertebral modifications, 
of which the best known form is Morquio’s 
disease.? As a rule, there would appear to 
be little opportunity for confusion between 
Morquio’s disease and the well-known 
achondroplasia. In fact, the short trunk 
and relatively long extremities in cases of 
the former are considered to contrast with 
the relatively long trunk and short ex- 
tremities in the latter condition. 

Recently, Maroteaux and Lamy’* re- 
ported observations in 3 dwarfed individuals 
who demonstrated features resembling 
achondroplasia but who, they believe, 
actually represented an extreme form of 
spondylo-epiphyseal dysplasia. The auth- 
ors emphasize the fact that actual shorten- 
ing of the extremities is frequent in Mor- 
quio’s disease and can, at times, be so 
much accentuated as to cause confusion in 
diagnosis. The extreme form of spondylo- 
epiphyseal dysplasia, the pseudo-achondro- 
plastic type, is demonstrated by the 3 pa- 
tients who are the subjects of the present 


report. 


REPORT OF CASES I AND II 


Case 1. D.L.H., born September 17, 1936, 
was first seen at eight years of age in the Ortho- 
pedic Clinic at the Cincinnati General Hospital 
because of a painful left hip, dwarfism, and 
obesity. At birth, the patient weighed 6 pounds 
4 ounces and was considered to be a normal full- 
term infant. She walked at ten months of age, 
talked normally and was an alert child. At 
approximately four to five years of age, she was 
observed to have a waddling gait and, at this 


time, it was also noted that she was appreciably 
shorter than other children of her age. 

At the time of her first visit in the hospital, 
the patient was described as “dwarfed” with 
predominant shortening of the extremities and 
a relatively normal length of the trunk. She 
was obese and had an accentuated lumbar 
lordosis and scoliosis. She walked with a 
waddling gait. Her face and cranium were nor- 
mal in appearance. The diagnosis of achondro- 
plastic dwarfism was made. At the age of 
twelve years (lig. 1, 4 and B), she was seen in 
the Endocrine Clinic at Children’s Hospital 
because of the obesity and dwarfism. Shortly 
afterward, following mild trauma at an amuse- 
ment park, she began to develop progressive 
quadriparesis and ultimately quadriplegia. 
Myelographic studies and roentgenographic 
examinations failed to demonstrate the local 
spinal complications of achondroplasia. After 
two cervical laminectomies and a period of con- 
valescence, the patient stabilized with a para- 
plegia. Because of her normal intelligence, she 
was able to complete high school in spite of the 
neurologic handicaps mentioned. Various labor- 
atory studies were normal including calcium, 
phosphorus, alkaline phosphatase, basal meta- 
bolic rate and radioactive iodine uptake. At 
the age of sixteen, she weighed 77 pounds and 
measured 39 inches in height. She is now 
twenty-four years of age and confined to a 
wheelchair. 

Case u. S.H., born May 1, 1934, was seen in 
the Endocrine Clinic of the Children’s Hospital 
while accompanying his sister, Case 1, to the 
clinic. He had been born at term as an appar- 
ently normal infant and his early development 
was reported as normal. His short stature and 
waddling gait were not noted until he was be- 
tween four and five years of age. At the age of 
fourteen (ig. 2, 4 and B), he weighed 453 
pounds and was 36} inches in height. He was of 
average intelligence and subsequently was able 
to complete high school without difficulty. Be- 


*From the Departments of Pediatrics and Radiology, College of Medicine, University of Cincinnati; the Children’s Hospital and 
Children’s Hospital Research Foundation; and the X-Ray Department of the First Pediatric Clinic of the Medical School of Poznan, 


Poland. 
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Fic. 1. Case 1. (4 and B) Photographs at twelve years of age. Because of the obesity, the face may seem to 
have some mild achondroplastic characteristics. However, note that the features are delicate and that a 
true saddle nose deformity and protruding brow are not present. 


cause there were no complications to his dwarf- 
ism, this patient was not examined as carefully 
as his sister, although we were able to obtain 
clinical photographs at the time of his visit and 
roentgenographic examinations as well. It was 
thought that he and his sister both suffered 
from achondroplasia. 


FAMILY HISTORY 


The mother of these 2 patients was of nor- 
mal height and weight and came from a family 
in which dwarfism or other abnormalities of 
stature were denied. The father had been a 
“dwarf in a circus,” measuring 4 feet 9 inches 
in height. He apparently was also a chronic 
alcoholic and died from the complications of 
this condition several years after the children 
were first seen. He had never been seen by a 
member of the hospital departments. Con- 
sanguinity was denied. Information concerning 
the father’s antecedents and collaterals is in- 


complete, but the children’s mother stated that 
she did not believe there were other affected 
individuals in the father’s family. A pedigree, 
as developed trom conversation with the 
mother, is diagrammed in Figure 3. 


ROENTGENOGRAPHIC FINDINGS 


Skull (Fig. 4, 4 and B). In both children, the 
skull was normal in appearance and showed no 
evidence of brachycephaly, frontal protuber- 
ance or bossing, or of saddle nose deformity. 
Abnormal shortening of the cranial base was 
not demonstrated. Developmental features were 
commensurate with the age. 

Extremities (Fig. 5, 4 and B; 6, 4 and B). 
Severe deviations from normal were observed 
in all the metaphyses and epiphyses of the 
tubular bones including the bones of the hands. 
The metaphyseal areas were enlarged, irregu- 
lar, and had a mushroomed appearance. The 
epiphyses were small, irregular, fragmented, 
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Fic. 2. Case 11. (4 and B) Photographs at fourteen years of age. The normal head and face are better shown 
on these photographs than on those of the sister (Fig. 1, 4 and B), although the achondroplastic propor- 


tions are prominent. 


irregularly ossified and deformed. The dia- 
physes were shortened and tended to bow out- 
ward. The phalanges were short, wide, 
“stubby” and had irregular wide metaphyses. 
The cortices were not abnormally thickened, 
although the bones were relatively thick for 
their length. 

Spine and Ribs (Vig. 7, 4, B and C). Both 
patients demonstrated a rather prominent 
scoliosis, more marked in the girl than in the 
boy. The vertebral bodies were somewhat 
flattened and had a tendency to a_ biconvex 
form. On the lateral roentgenograms, some 
anterior “‘beaking” was visualized, particu- 
larly in the lumbar vertebrae. The ribs had a 
spatulate appearance produced by an increased 
breadth lateral to relatively normal necks. The 
ribs were somewhat short and their sternal ends 
were cupped and enlarged. 


Pelvis (Vig. 8). The pelvis was small in both 
patients. The greater sciatic notch was not 
markedly reduced in size. Irregular mineraliza- 
tion of the femoral heads and necks and the 
adjacent acetabula was a very prominent 
feature. 


REPORT OF CASE III 


Case ut. A nine year old girl was admitted to 
the Kirst Pediatric Clinic in Poznan, Poland, 
December 1, 1959, because of short stature, de- 
formities of the upper and lower limbs, and 
a waddling gait. The admission diagnosis was 
achondroplasia. The patient was the result of 
the tenth pregnancy of healthy parents. The 
mother was thirty-seven and the father fifty- 
four years of age when the child was born. 
Only 2 brothers, results of the first two preg- 
nancies, were living, aged twenty and twenty- 
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Fic. 3. Case 1 and 11. Diagram showing pedigree which was developed from the information obtained from the 
patients’ mother; none of the other members of the family have been examined. 


two years, respectively. In the interval, there 
had been 6 miscarriages induced by quinine and 
1 artificial premature labor. During the second 
month of the pregnancy with the patient, the 
mother ingested considerable quinine in an un- 
successful attempt to induce abortion. The 
amount ingested was apparently sufficient to 
cause Intoxication, 

The child weighed 3,300 gm. at birth. The 
length was not recorded but the child was said 
to be normal. She was breast-fed until the 
fourth month of life and subsequently was 
given an adequate diet. Vitamin D-2 (600,000 
units) was administered on three occasions in 
the first year of life. 

At seven months of age the mother was in- 


formed that the child was short; she had not 
observed any abnormality in size up to this 
time. Some weeks later, a slight bowleg de- 
formity was noted. Motor development was 
slightly retarded. The patient sat at the age of 
seven months, stood up at one and one-half 
years and walked at three years. The mental 
development, however, had been normal. Talk- 
ing began at eighteen months and the child was 
able to read and write to a degree commen- 
surate with her age. 

At the age of eight years, the diagnosis of 
achondroplasia was made when the child was 
hospitalized because of the short stature. The 
parents, brothers and other members of the 
family were of normal stature and there was no 


Fic. 4. Lateral skull roentgenograms of (4) Case 1 and (B) Case 1 are 
normal and show no evidence of achondroplasia. 
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Fic. 5. Roentgenograms of the upper extremities of 
(4) Case 1 and (B) Case 11 show short and thick 
bones, excessive flaring of the metaphyses, and 
marked irregularity and fragmentation in the un- 
fused ossification centers. 


history of skeletal disease. 

On physical examination, the child was found 
to be well nourished but short in stature (height 

g2 cm., weight—17 kg.) (Fig. 9, 4, Band C). 
The upper and lower limbs were short in rela- 
tion to the length of the trunk and the head. An 
exaggerated lumbar lordosis was present. The 
lower extremities were bowed and a waddling 
gait was present. Marked enlargement of the 
joints was noted. The motions of the large 
joints were limited. Muscle tone, volume and 
strength were normal. The head was normal. 
Examination of the ears, nose and throat re- 
vealed moderate hypertrophy of the tonsils and 
adenoids. The teeth were normal. The clavicles 
were overlong without exaggeration of the 
curves; some flaring of the lower thoracic cage 
was noted. Measurements of the upper limbs 
are shown in Table 1. 

Laboratory findings revealed a normal red 
blood cell count, white blood cell count and 
hemoglobin; urinalysis (specific gravity 1.025, 
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ic. 6. Roentgenograms of lower extremities of (4) 
Case 1 and (B) Case 1 show the extremely irregular 
fragmented appearance of the ossification centers. 
The cortices are not abnormally thick. 


i 
q 
2 


Vor. 86, No. 3 Spondylo-Epiphyseal Dysplasia 


kic. 7. Roentgenograms of the 
spine and ribs of (4 and B) Case 
1 and (C) Case ut show the 
vertebral bodies to be somewhat 
irregular. The lateral roentgen- 
ogram (8) demonstrates a slight 
tendency toward the anterior 
“tongue-like” projections. The 
sternal ends of the ribs are ex- 
panded. Scoliosis is prominent 
in both patients. 
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Tas_e I 


MEASUREMENTS OF CASE III 


Normal 
Length 
(cm.) 
Upper Limb (acromion to 
third finger) 34 $7 
Forearm and Hand (radial 
a & point to third finger) 1g 33 
a Gi Hand (styloid point to third 
finger) 14 
"3 Sitting Height 66 66 
Lower Extremities (anterior su- 
perior iliac spine to ground) 41 71 
Leg (tibial point to ground) 20 34 
Fic. 8. Case 1. Roentgenogram of the pelvis shows — Foot (malleolus to ground) 5 5 
only slight diminution in the length of the sacro- 
iliac notch notwithstanding the marked lordosis of * These figures, corresponding to normal lengths for a nine 


this patient. See also Figure 6B. Neither pelvis is Year old female, were provided by Dr. Pierre Maroteaus. 


that of classic achondroplasia. 


Fic. 9. Case 11. Photographs at nine years of age. (4) Frontal view. (B) Lateral 
oblique view. (C) Comparison with normal female of nine years. 
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pH 6.9); normal blood and urine chromatogra- 
phy and normal excretion of calcium, phos- 
phate and ammonia in a twenty-four hour 
urine specimen. The serum calcium was 10.4 
mg. per cent; phosphorus 4.3 mg. per cent; 
serum alkaline phosphatase 11.3 Bodansky 
units; nonprotein nitrogen 21 mg. per cent; 
serum urea 30 mg. per cent; creatine 1.2 mg. 
per cent; cholesterol 176 mg. per cent. The 
serum sodium, potassium and chloride concen- 
trations were normal. The glucose tolerance 
test was normal; 7 per cent fat in stool; trypsin 
test was positive in 1:5 and 1:10 dilutions, 
negative in 1:50 and 1:100. Electrophoretic 
protein pattern: total protein 6.2 gm. per cent, 
albumin 60 per cent, alpha; 4.2 per cent, alpha» 
7.5 per cent, beta 9.3 per cent, and gamma 19 
per cent. 

An excision biopsy of the costochondral junc- 
tion of the left sixth rib was performed. Only the 
cartilaginous portion was taken. This appeared 
to be grossly normal; upon section, the cells in 
the cartilage were noted to be irregularly dis- 
posed. Beneath the perichondrium, the cells 
were larger than in the deeper layers. Some free 
spaces were seen around the cells. The bone 
substance of the cartilage was swollen in sev- 
eral areas. In the deepest layers of the cartilage, 
the cells were gathered in groups of less than 20. 
Under the perichondrium, some small collec- 
tions of capillaries were seen. No tissue char- 
acteristic of achondroplasia was noted and no 
connective tissue was observed at the cartilage- 
shaft junction. 

ROENTGENOGRAPHIC FINGINGS 

Skull (Vig. 10). The roentgen appearance of 
the skull and teeth was normal. The foramen 
magnum was normal in size. 

Extremities (Vig. 11, 4, B and C; and 12). 
Roentgen examination of the bones of the 
upper and lower extremities (lig. 11, 4, B and 
C) demonstrated these structures to be short 
and thick with otherwise normal cortex. A 
moderate varus deformity was present at the 
knees. All the normal curves of the long bones 
were exaggerated. The ends of the shafts were 
flaring, irregular and fragmented. Skeletal age 
of the hands and wrists was approximately five 
vears according to the standards of Greulich 
and Pyle (Fig. 12). The component bones were 
abnormally short and thick and demonstrated 
irregularities in the epiphyseal and meta- 
physeal areas comparable to those noted in the 
large tubular bones. 


Spondylo-Epiphyseal Dysplasia 


Fic. to. Case m1. Roentgenogram shows normal 
skull. The lack of cranial and facial involvement is 
an important differential point with respect to 
achondroplasia. 


Spine and Ribs. In the spine there was a 
prominent lordosis. Lumbarization of the first 
sacral segment was present. The upper and 
lower borders of the lumbar vertebral bodies 
were irregular but no other abnormalities were 
found. In particular, no marked flattening of 
the vertebral bodies and no anterior tongue- 
like projections were present. On the antero- 
posterior roentgenogram, no distinct scoliosis 
was demonstrated. The scapulae were not re- 
markable. The ribs were of normal length and 
shape but irregularity of the zones of provi- 
sional calcification was noted at the costo- 
chondral junctions. The clavicles were long but 
the curvature was normal. 

Pelvis (¥ig. 13). In the pelvis the iliac bones 
were somewhat shortened below the posterior 
inferior iliac spine. The greater sciatic notches 
were reduced in size. The acetabular angles 
were flattened. The sacrum was normal in shape 
and the ischiopubic synchondroses were open. 


DISCUSSION 


The chief features, described by Maro- 
teaux and Lamy,’ in differentiating the 
pseudo-achondroplastic form of spondylo- 
epiphyseal dysplasia from classic achondro- 
plasia are clearly demonstrated by these 3 
cases. These include: (1) the late date of 
discovery of the abnormality; (2) the ab- 
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Fic. 11. Case 111. Roentgenograms of the (4) upper 
extremity, (B) lower extremity and (C) knees 
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sence of clinical and roentgenologic abnor- 
malities in the face and skull; and (3) the 
roentgenologic findings of gross irregular- 
ities in the epiphyseal-metaphyseal areas 
with fragmentation of the epiphyseal ossi- 
fication centers. Our first 2 patients demon- 
strated abnormalities in the vertebral col- 
umn which were not a prominent finding in 
the third patient. An additional point 
worthy of note is the relative length of the 
sacroiliac notch in our patients as well as in 
those described by Maroteaux and Lamy.’ 
This contrasts significantly with the small 
sacroiliac notch which has been emphasized 
recently by Cafttey! as a pelvic manifesta- 
tion of classic achondroplasia. 

It is unfortunate that actual measure- 
ments in the newborn period are not avail- 
able of any of the patients reported thus 
far. The delay in recognition of the dis- 
ease is considered an important differential 
feature but is dependent exclusively on 
nonobjective observations by the parents. 
It is well known that mild or even moderate 
achondroplastic dwarts may not be recog- 
nized at birth unless a clue is provided by 
roentgenologic examination; nevertheless, 
dwarfism as marked as that noted in our 
patients would be expected to have been 
recognized much earlier in life than at the 
end of the first year (Case 111) or the third 
to fifth year (Case 1 and 11) if it were 
caused by classic achondroplasia. 

The obvious escape of involvement of 
the cranial structures would appear to be 
an extremely important differential point. 
Spinal complications in classic achondro- 
plasia have been documented by Vogl and 
Osborne’ and by Spillane.® The occurrence 
of signs of transverse myelopathy in our 
patient (Case 1) was originally thought to 
support further the diagnosis of achondro- 
plasia. Obviously, the complication, if a re- 
sult of diminished intraspinal space, should 
be expected to occur in any condition in 
which the space is compromised, including 


show the flaring of the metaphyses, the marked ir- 
regularity of the epiphyses and the normal cortex. 
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Fic. 12, Case 111. Roentgenogram of the hands and wrists shows short stubby bones, irregularity in epiphyseal 
ossification centers and poor development of carpal ossification centers. 


the pseudo-achondroplastic form of spon- 
dylo-epiphyseal dysplasia. 

The roentgenologic features of spondylo- 
epiphyseal dysplasia certainly differ from 
those of classic achondroplasia, but experi- 
enced observers had long noted incomplete 
and intermediate forms which suggest 
transitional forms of cartilaginous dystro- 
phies. With the present interest in enzy- 
matic defects as the basis for disease proc- 
esses, It is tempting to consider the various 
forms of this group of skeletal dystrophies 
as resulting from the various combinations 
of certain enzymatic processes which affect 
cartilage proliferation, susceptibility of car- 
tilage matrix to calcification, and trans- 
formation of calcified cartilage to bone. If 
we also include factors which determine 
anatomic distribution and time and _ se- 
quence of action® of the various detects, we 
are provided with a concept which brings 
together these various conditions. This, of 
course, takes us directly into the field of 
genetics, and here the studies of heredity 
of the several diseases may provide addi- 
tional information. However, it is pertinent 
to point out that there are difficulties in 
differentiating the mutational origin of a 
dominant condition from the unveiling of a 
recessive characteristic. Moreover, it is 


quite possible that phenocopies (7.e., non- 
genetic simulations of genetically deter- 
mined traits) may occur in this group of 
malformations as well as in others. In our 
Case 111, the mother was attempting abor- 
tion during an important developmental 
period. The clinical and roentgenologic 
findings, although similar to those of the 
first 2 cases and to those described by 
Maroteaux and Lamy, differ to some ex- 
tent in the relatively unaffected spine, and 


Fig. 13. Case 11. Roentgenogram of the pelvis shows 
the marked irregularity of the epiphyseal ossifica- 
tion centers. The sacroiliac notch is somewhat 
shorter than in Casest and and approaches more 
closely the findings in achondroplasia. 
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the pelvis in which resembles more that of 
the true achondroplast. Furthermore, there 
is no evidence of any hereditary disease in 
the antecedents. 

There can be little doubt of the dom- 
inant nature of disease in Cases 1 and 11. 
This heredity differs from the recessive 
nature of the disease described by Morquio 
and which bears his name. In_ 1957, 
Maroteaux, Lamy and Bernard! reported 
a form of spondylo-epiphyseal dysplasia 
with a late onset (second decade) which 
they believe is transmitted by a recessive 
sex-linked gene. These individuals had 
clinical and roentgenologic findings closely 
resembling those of Morquio’s disease. It 
would therefore appear that the various 
approaches to classification— clinical man- 
ifestations, evolution, roentgenologic fea- 
tures and genetic nature—are all collec- 
tively inadequate and individually mis- 
leading until a basic defect, probably bio- 
chemical, can be found. Meanwhile, how- 
ever, it would appear that the description 
of the variants and the grouping of these 
variants with respect to their common fea- 
tures may point toward the area in which 
a basic defect should be sought. 


SUMMARY 


Three patients with a pseudo-achondro- 
plastic form of spondylo-epiphyseal dys- 
plasia are described. The findings conform 
very closely to the condition as originally 
reported by Maroteaux and Lamy.* Each 
patient was first considered to have classic 
achondroplasia. The features which differ- 
entiate spondylo-epiphyseal dysplasia from 
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classic achondroplasia and which were 
present in our patients include: (1) delayed 
onset of dwarfism, (2) lack of involvement 
of the head and face, and (3) roentgeno- 
graphic irregularities in the epiphyses. A 
fourth finding with respect to the shape of 
the pelvis in achondroplasia, as described 
by Caffey, is added to the differentiating 
signs. : 


Frederic N. Silverman, M.D. 
Children’s Hospital 
Cincinnati 29, Ohio 


The authors wish to thank Dr. Josef Warkany 
for permission to publish Cases 1 and u, and Dr, 
Pierre Maroteaux for his advice and kindness in re- 
viewing our material. 
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GARGOYLISM: A REVIEW OF THE ROENTGEN 
SKULL CHANGES WITH A DESCRIPTION 
OF A NEW FINDING* 


By W. DONALD HORRIGAN, M.D., and DAVID H. BAKER, M.D. 


NEW YORK, NEW YORK 


ARGOYLISM (Hurler’s syndrome), 

a metabolic disorder characterized by 
the overproduction of certain mucopoly- 
saccharides which accumulate in connec- 
tive tissue as well as in the cells of many 
organs, gives rise to a distinct clinical syn- 
drome. This entity was first recognized by 
Hunter’? in 1917 and then was described 
in greater detail by Hurler® in 1920. Since 
that time numerous reports? have 
appeared in the medical literature, describ- 
ing the varied aspects of this rare disorder. 

The clinical syndrome is characterized 
by dwarfism, infantilism, mental retarda- 
tion, coarse facial features, large tongue, 
pot belly, hepatomegaly, splenomegaly, 
kyphosis, corneal clouding charac- 
teristic skeletal dystrophy. Overproduction 
of certain normal polysaccharides results 
in their accumulation in most organ sys- 
tems including the nervous, cardiovascu- 
lar, reticuloendothelial, endocrine, and 
skeletal systems and explains the protean 
manifestations of the disease. The excess 
production of these polysaccharides is ac- 
companied by the excretion of large 
quantities in the urine which provides the 
basis for a quantitative test.” 

Although the majority of infants with 
this disorder are normal at birth and de- 
velop the characteristic clinical picture 
toward the end of the first vear of life,' 
Cattey has described the roentgen appear- 
ance of prenatal and neonatal bone lesions 
and their subsequent postnatal evolution.! 
When all of the stigmata are present, the 
disease is readily recognized, but variants, 
with one or more major features being ab- 
sent, do occur. It is this latter group which 


has been confused with Morquio’s disease, 
achondroplasia, and hypothyroidism. From 
the evidence currently at hand, it would 
appear that gargoylism is genetic in origin 
with at least two distinct genotypes—a sex- 
linked recessive and an autosomal recessive 
form.” 

The roentgenologic appearance of the 
skeleton in gargoylism, although somewhat 
similar to that seen in Morquio’s disease, is 
distinctive and a prominent feature of the 
clinical syndrome. In the extremities, the 
changes, which are more pronounced in the 
upper limbs, consist of swelling of the 
diaphyses with irregular thickening of the 
cortex. The ends of the bones are tapered 
and in the humerus the surgical neck is 
angled dorsad. The distal epiphyseal plates 
of the radius and ulna usually face toward 
each other. The changes in the hands con- 
sist of pointing of the base of the meta- 
carpal bones and a “‘bullet-nose” appear- 
ance of the phalanges. In the lower extrem- 
ities, the changes are less marked, but usu- 
ally coxa valga, narrowing of the proximal 
one-third of the femur and poor mineraliza- 
tion of the femoral head are noted. A ky- 
photic deformity of the spine at the thora- 
columbar level is due to irregular growth 
and deficiency of the superior half of the 
vertebral bodies. This is occasionally asso- 
ciated with slipping and a gibbus de- 
formity. 

The skull is unusual in configuration 
with a circumference that is always greater 
than normal. The dolichocephalic type of 
skull predominates although other types 
have been noted. Prominence of the 
frontal bones with heavy  supraorbital 


* From the Departments of Pediatrics and Radiology, College of Physicians and Surgeons, Columbia University and the Babies 


Hospital, New York, New York. 
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ridges is a common finding. The sella 
turcica is elongated and shallow with a 
long anterior recess extending beneath the 
anterior clinoid processes—the so-called 
“J” shaped sella. The mandible is fre- 
quently broad and heavy with the teeth 
widely spaced, irregular and poorly de- 
veloped. In addition, we have recently ob- 
served an abnormality of the mandibular 
condyle which appears to be specific for 
gargoylism and has prompted us to review 
the skull roentgenograms in this unusual 
disorder. 


MATERIAL AND RESULTS 


The skull roentgenograms of the last 20 
patients with gargoylism seen at the Ba- 
bies Hospital were reviewed to determine 
the specificity of the condylar change to be 
described and to document the nature of 
the usual skull changes associated with this 
syndrome. The age of the patients at the 
time of examination ranged from two 
months to twelve years with the majority 
being in the two to six year age group. 
There were 13 males and 7 females. All 
patients fulfilled the criteria of gargoylism 
on clinical and roentgenologic grounds and 
those tested were found to excrete exces- 


Fic. 1. (4) Ugts474 Four year old white male with typical clinical and roentgenographic features of gar- 
goylism. The lateral roentgenogram of the skull demonstrates the long anteroposterior dimension, the “J” 
shaped sella turcica and the flat, slightly concave condylar surface of the mandible. (B) The flattened 

and slightly concave articular surface of the mandibular condyle is demonstrated to better advantage. 
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sive quantities of chondroitin and hepari- 
tin sulfate in the urine. The quantity ex- 
creted did not correlate with the severity 
of the clinical or roentgenologic manifesta- 
tions. The skeletal changes ranged from 
minimal to the classic far advanced 
changes. 

All types of skull configurations were 
encountered in this group, but the most 
common was the dolichocephalic type 
(Fig. 1, 4 and B). Prominent interdigita- 
tions along the coronal suture were ob- 
served frequently and appeared to be re- 
lated to the age of the patient at the time 
of examination. With the exception of one 
patient who was eight years old, all ex- 
amples of prominent interdigitations were 
noted in the two to three year age group 
(Fig. 2). 

The sella turcica in all instances was 
elongated and shallow with a long anterior 
recess extending beneath the anterior clin- 
oid processes (Fig. 3). This is the so-called 
“J” shaped sella which is nonspecific and 
can occur as a normal variant as well as 
in other disease states. 

Prominent supraorbital ridges with asso- 
ciated depression of the bridge of the nose 
were noted in 8 patients. The orbits in all 
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patients studied were of normal configura- 
tion. Special studies of the optic foramina 
were not available for review. Sinus de- 
velopment was markedly retarded with 
absence of the frontal sinus noted in every 
patient. Likewise, mastoid development 
was poor and lack of pneumatization of the 
sphenoid sinus was a constant finding. 

The mandible presented a rather char- 
acteristic appearance on the frontal roent- 
genogram (Fig. 4). It was short and broad 
with a resultant square configuration. This 
appearance was found in 75 per cent of the 
patients studied. Dentition was also abnor- 
mal with the teeth irregularly spaced and 
poorly developed. Despite these abnormali- 
ties, no complaints referable to difficulty in 
mastication were noted. 

The condyle of the mandible was ob- 
served to have either of two characteristic 
appearances. In the patients with marked 


Fig. 2. U1376758 Two year old Negro male with 
typical features of gargoylism. Note the prominent 
interdigital markings along the coronal suture as 
well as the elongated sella turcica. 
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Fic. 3. U1368447 Four year old white female with 
typical skeletal features of gargoylism and positive 
urinary chondroitin test. The lateral roentgeno- 
gram of the skull shows the elongated “‘J”’ shaped 
sella turcica and the concave superior articular 
surface of the mandibular condyle. 


skeletal changes, the condyle had a con- 
cave superior surface (Fig. 1, 47 and B, 3, 
and 5) while in those patients with less 
marked skeletal disease, the condyle pre- 
sented a flattened articular surface (Fig. 6). 
This was noted in 12 of 15 patients where 
the condyles could be satisfactorily visu- 
alized on the lateral skull roentgenograms. 
In order to determine whether the abnor- 
mal appearance of the mandibular condyle 
was merely fortuitous, the skull roentgeno- 
grams of a group of patients with achon- 
droplasia, Morquio’s disease, and abnormal 
skull configurations were reviewed. In no 
instance was a similar appearance of the 
mandibular condyle noted. Thus, this 
condylar configuration may be specific for 
gargoylism. 


DISCUSSION 


The condylar abnormality in gargoylism 
has been alluded to previously in the litera- 
ture, but to our knowledge has never been 
illustrated and described prior to this re 
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Fic. 4. U1442036 Eight year old while male with 
typical and severe changes of gargoylism as well 
as a positive urinary chondroitin test. The frontal 
roentgenogram of the skull demonstrates the 
“square,” broad appearance of the mandible. 
Note also the abnormal dentition and poor sinus 
development. 


port. Jervis,’ in describing the skeletal 
changes associated with gargoylism, stated 
that there were “poorly formed articulat- 
ing surfaces observed at best in the man- 
dibular fossa and the acetabula.”” How- 
ever, the appearance of the condyles was 
not illustrated or described in further de- 
tail and no reference was made to the spe- 
cificity of the change. Lindsay and co- 
workers’! Case 2 is stated to have had rudi- 
mentary condyles, but no illustration or 
additional description of the condylar ab- 
normality was presented. Pendergrass ef 
al. state that the ascending mandibular 
rami are underdeveloped, but no specific 
alteration of the mandibular condyles is 
mentioned. In Harvey’s! report Figure 2 of 
the skull demonstrates the condylar change, 
but no comment regarding this abnormal- 
ity is made in his otherwise excellent de- 
scription of the skull changes associated 
with gargoylism. 
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The roentgenographic appearance of the 
mandibular condyles in older patients is 
unknown since longitudinal studies of these 
patients were not available. However, this 
abnormality probably persists into adult 
life in those patients who survive, as evi- 
denced by illustrations in several other 
publications.'” 

On many occasions there is overlap roent- 
genologically between the various skeletal 
dystrophies and this makes their ditteren- 
tiation difficult. This is especially true with 
respect to gargovlism and Morquio’s dis- 
ease. In milder cases the skeletal changes 
may be similar and impossible to ditteren- 
tiate. However, the condylar configuration 
occurring in gargoylism in our experience 
has been a specific finding and, when 
present, permits a definite diagnosis. 

Smith ef a/.!’ state that gargoylism “‘pre- 
sents diagnostic roentgenographic features, 
particularly in the skull.’ This opinion was 
based primarily on the configuration of the 
sella turcica which has been shown to be a 
nonspecific although constant finding in 


Fic. 5. U1gg1g80 Nine year old white male with 
characteristic facies and skeletal features of gar- 
goylism. The lateral roentgenogram shows the 
concave articular surface of the mandibular con- 
dyle. 
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gargoylism. On the other hand, we would 
agree with their statement, but on different 
grounds. The patient with classic clinical 
and roentgenographic features of gargoyl- 
ism will present diagnostic changes in the 
skull also. These changes consist of dolicho- 
cephaly, prominent interdigitations along 
the coronal suture, elongation of the sella 
turcica with a long anterior recess beneath 
the anterior clinoid processes, prominent 
supraorbital ridges with depression of the 
bridge of the nose, retardation of sinus de- 
velopment with failure of development of 
the frontal sinus, square configuration of 
the mandible and a flattened or concave 
superior surface of the mandibular con- 
dyle. All of these findings, however, are 
nonspecific with the exception of the last. 
It should be stated that this abnormality, 
like the other skeletal features, develops 
after the first year of life and has not been 
seen in any patient younger than one year. 


SUMMARY 


1. The skull roentgenograms of 20 pa- 
tients with gargoylism have been reviewed 
and a new finding has been described. 

2. Concavity or flattening of the articu- 
lar surface of the mandibular condyle has 
been observed to be a specific finding. 


W. D. Horrigan, M.D. 
St. Peter’s General Hospital 
New Brunswick, New Jersey 
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Fic. 6. U296608 Two year old white female with mild 
clinical and roentgenographic manifestations of 
gargoylism. The lateral roentgenogram of the skull 
demonstrates slight flattening of the mandibular 
condyle. 
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ILIAC HORNS: A PATHOGNOMONIC ROENTGEN 
SIGN OF FAMILIAL ONYCHO-OSTEODYSPLASIA* 


By CHARLES ZIMMERMAN, CAPTAIN, USAR (MC) 


AUGUSTA, GEORGIA 


ORN-LIKE osseous protrusions from 

the iliac bones are seldom encoun- 
tered in daily radiologic practice. Even 
when these “‘iliac horns” are noted, their 
specific diagnostic significance may not be 
appreciated. It is the author’s purpose to 
present examples of this entity and to 
pathognomonically relate it to an unusual 
familial onycho-osteodysplasia. 


ILLIAC HORNS 


Iliac horns are bilateral, not necessarily 
symmetric, osseous prominences which pro- 
trude posteriorly and laterally trom the 
dorsal aspects of human iliac bones (Fig. 1 
and 2). They are not known to occur in 
other mammals or lower forms.’ These 
horns may be clinically palpable and their 
variable size is not related to the age or sex 
of the patients in whom they have been de- 
scribed. In many of the younger indi- 
viduals, epiphyses may be seen capping the 
structures (Fig. 5 and 6). Opacification of 
pelvic muscle planes with injected contrast 
medium? suggests that these horns are not 
located at the origin or insertion of regional 
musculature, as is the case with osteocarti- 
laginous exostoses. 

It is striking that the reported patients 
with iliac horns have had associated char- 
acteristic bone or nail abnormalities or 
both. Further, the reported individuals be- 
longed to families containing members with 
similar changes. Two recently observed il- 
lustrative cases are described. 


REPORT OF CASES 


Case 1. A forty-one year old white female pre- 
sented with a history of lower abdominal pain 
of two days’ duration. This subsequently dis- 
appeared and the patient has been well since. 


Fic. 1. Case 1. Note the slightly asymmetric “‘iliac 
horns.” Also present are iliac bone hypoplasia, 
coxa valga and supra-acetabular notching 


There was no history of previous major illness. 

Because of pelvic findings on the abdominal 
roentgenogram the patient was recalled and the 
following physical findings, present since birth, 
were noted: (a) fingernail dystrophy (ig. 3), 
most marked in the thumbnails but involving 
the other fingers and sparing the toenails; (b) 
bony prominences of both elbows with partial 
limitation of extension and flexion; and (c) 
palpable prominences in the region of the but- 
tocks. 

Roentgen Findings. Roentgenograms of the 
abdomen and pelvis revealed bilateral iliac 
bone protrusions which projected posteriorly in 
the oblique views. Unusual flattening of the 
outer aspects of the iliac bones was noted as 
well as supra-acetabular notching and coxa 
valga hip deformities (lig. 1 and 2). Roentgeno- 
grams of the elbows (Fig. 4) revealed marked bi- 
lateral humeral capitulum underdevelopment 
and radial head luxation. Some hyperplasia of 
the olecranon process was present. Roentgen 
studies of the chest, knees and ankles were 
normal. Roentgenography of the hands revealed 
a stubby appearance of the ulna and radial 
styloids. 


* This material has been reviewed by the Office of The Surgeon General, Department of the Army, and there is no objection to its 


presentation and/or publication if this review does not imply any indorsement of the opinions advanced or any recommendation of 


such products as may be named. 
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Comment. The patient’s two younger 
daughters were subsequently examined and 
no abnormalities were found. (Her oldest 
daughter is described below.) There are no 
known similar abnormalities in the pa- 
tient’s parents, grandparents and siblings. 
Her husband was not available for exami- 
nation but has no known nail or bone ab- 
normalities. 


Case ul. This patient is a healthy thirteen 
year old white female, the oldest daughter of 
Case 1, who was examined after her mother’s 
findings were noted. Present since birth were 
the following physical findings: (a) fingernail 
dystrophy (lig. 7), most severely affecting the 
thumbs with lesser involvement of the index 
fingers and sparing the toenails; and (b) partial 
Jimitation of elbow extension and flexion. 

Roentgen Findings. Roentgenograms of the 
pelvis revealed bilateral small iliac horns capped 
by ununited epiphyses (Fig. 5 and 6). Supra- 
acetabular notching, flattening of the iliac 
bones and bilateral coxa valga hip deformities 
were present, changes similar to those of the 
mother. Roentgen studies of the elbows re- 
vealed humeral capitulum hypoplasia and 
radial head hyperplasia (ig. 8). Roentgeno- 
grams of the chest, hands, knees and ankles 
were normal. 

DISCUSSION 


In our material, as with previously re- 
ported cases, iliac horns were discovered 
either as an accidental finding in a patient 
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Fic. 2. Case 1. An oblique view reveals the right- 
sided bony prominence projecting posteriolaterally. 
Similar findings are present on the left. 


with unrelated complaints or at the subse- 
quent examination of asymptomatic rela- 
tives. 

CLASSIFICATION OF THE CHANGES 


Three general groups of changes have 
been associated with iliac horns: (A) nail 


Fig. 3. Case 1. Marked thumbnail dystrophy with lesser involvement of the 
index fingers, ring fingers and little fingers. 
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Fic. 4. Case 1. Right elbow. Hypoplasia of the 
capitulum humeri and hyperplasia of the medial 
epicondyle, with luxation and hyperplasia of the 
radial head. 


dystrophies, (B) bone dysplasias, and 
(C) miscellaneous abnormalities. 

A. Nail Dystrophies. The thumbnails 
often present with small normal bases 
which thin and tend to disappear distally, 


Fic. §. Case 11. Note the small bilateral “iliac horns,” 
partially obscured by bowel on the left. Also 
present are iliac bone hypoplasia, coxa valga and 
supra-acetabular notching. 


Fic. 6. Case u. Close-up of the right ilium revealing 
a small iliac horn capped by epiphysis. There was 
a similar finding on the left side. 


merging with the fleshy tips of the fingers 
so that there are no free ends of the nails. 
Other fingernails and the toenails are less 
often involved and may be marred by longi- 
tudinal ridges and lateral concavities (Fig. 
3 and 7). 

B. Bone Dysplasias. The involved os- 
seous structures present with various hy- 
poplasias or hyperplasias. Elbow and knee 
joint bones are most commonly involved. 
The capitulum humeri is hypoplastic (Fig. 
4 and 8) and there is a tendency to radial 
head luxation, hypoplasia or hyperplasia. 
Hyperplasia of the coronoid process of the 
ulna and of the medial epicondyle of the 
humerus may occur. Variable degrees of 
limitation of elbow flexion and extension 
are common. Agenesis or hypoplasia of the 
patella is often present with a tendency to 
habitual dislocation. There may be hyper- 
plasia of the femoral condyle and contin- 
uous hypoplasia of the tibial plateau. AL 
though knee abnormalities are commonly 
seen, they were not present in our cases. 

In addition to iliac horns, the pelvis may 
present with any or all of the following: 
hypoplastic iliac wings, supra-acetabular 
notching, protrusio acetabuli and coxa 
valga. Other minor periarticular hypo- 
plasias or hyperplasias have been reported 
and are summarized elsewhere.* 

C. Miscellaneous Abnormalities. An ir- 
regular zone of pigmentation separating the 
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Hic. 7. Case 11. Marked thumbnail dystrophy with lesser involvement of the index fingers. 


pupil from the iris is uncommonly associ- 
ated with iliac horns.®:'® “Hereditary glo- 
merulonephritis” has been reported in a 
family with iliac horns and the above 
changes.’ In 1 reported case, nonunion of a 
simple forearm fracture was considered a 
manifestation of generalized bone abnor- 
mality.* 

All or some of the above general groups 
of changes have been found in_ patients 
with iliac horns and in their families. Gen- 
erally, no significant incapacity is associ- 
ated, although some did have osteoarthrit- 
ides, which may have been secondary to 
the periarticular dysplasias. It should be 
noted that the nail and bone changes com- 
monly occur in relatives of the reported 
cases, even though iliac horns are absent. 


REPORTS IN THE LITERATURE 


As a matter of interest, an unusual fa- 


milial entity characterized by all or some of 


the knee and elbow dysplasias and nail dys- 
trophies has been known since the last cer- 
tury’ and has been repeatedly described.* 
Of radiologic significance is the fact that 
Turner,'! in reporting two families with 
these changes, included a_ pelvic roent- 
genogram clearly showing iliac horns. He, 
however, made no mention of this finding. 
Lester,” reported another family and men- 
tions, without illustrative studies, that the 


“crest of the ilium seems enlarged pos- 
teriorly.”” Fong? briefly described a patient 
with iliac horns but apparently little clin- 
ical information was available to him. 
Mino, Mino, and Livingstone® were the 


Fic. 8. Case u. Right elbow. Hypoplasia of the 
capitulum humeri and hyperplasia of the radial 


head. 
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first to relate iliac horns to the previously 
known onycho-osteodysplasia. Since then, 
iliac horns have been described by Thomp- 
son, Walker and Weens,'? Hawkins and 
Smith,’? Bock,? Roeckerath,'” Cottet and 
Pfandler,? Wedler and Welsch,” Bates, 
Toison, Guillemet and Carlier,’ and by 
Mangini® in 36 individuals, whose ages 
have ranged from nine months to sixty-five 
years. In no case has the observation of 
iliac horns been an isolated finding and 
either one or more manifestations of 
onycho-osteodysplasia have been associ- 
ated. 
GENETICS 

The hereditary mechanism involved in 
these unusual ectodermal and mesodermal 
abnormalities is far from clear. 

One hypothesis'! implicates a_ single 
polyphenotypic dominant  nonsex-linked 
gene which is able to cause many deformi- 
ties in varying degrees. Such a mechanism 
is the generally accepted one in other ab- 
normalities, e.g., osteogenesis impertecta. 
Another theory!’ suggests that partial or 
complete manifestations of the complex are 
best explained by many genes on one chro- 
mosome with the resultant effect dependent 
upon their closeness. Some even deny a he- 
reditary mechanism and suggest alterations 
in the maternal biochemical or physiologic 
milieu. Supporting this opinion is the abil- 
ity of investigators to consistently obtain 
skeletal and soft tissue anomalies in the off- 
spring of female rats maintained on ribo- 
flavin deficient diets.’ Still another point of 
view’ maintains that two pathologic genes 
are present, one determining nail dystro- 
phy and the other influencing arthrodys- 
plasia, but that their net effect is influenced 
by interactions with several environmental 
factors, such as metabolic errors and acci- 
dents. The result is that some family mem- 
bers do not have stigmata of the disease 
while others have varying manifestations. 

Chondroectodermal dysplasia (Ellis 
Van Crevald) can also involve nails and 
bony structures such as the pelvis and el- 
bows. However, the absence of knee 
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changes or familial incidence and the 
marked dentition abnormality indicate an 
unrelated entity. 


SUMMARY 


Iliac horns are a pathognomonic roent- 
gen sign of familial onycho-osteodysplasia. 
Their discovery should alert the radiolo- 
gist to initiate a search for characteristic 
unguinal and osseous changes in the pa- 
tient and his family. 

Two related cases with iliac horns and 
onycho-osteodysplasia are presented. 

The literature is reviewed and_ possible 
genetic mechanisms are discussed. 


129 Woodland Avenue 
Maywood, New Jersey 


The author wishes to express appreciation to Dr. 
H. J. Peters, Maj. V. L. Oddi and Sgt. W. Miller for 
assistance with translations and to Mr. G. E. Peters, 
R.T., for roentgenograms and photographs. 
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ROENTGENOLOGIC ASPECTS OF HIP LIMP 
IN CHILDHOOD* 


By R. W. CARTER, M.D. 


BIRMINGHAM, ALABAMA 


HE problem of hip limp in childhood 

is one which is encountered by the gen- 
eral practitioner, pediatrician and ortho- 
pedist as well as the radiologist. The causes 
of limp are numerous, ranging from such 
diverse conditions as improperly fitting 
shoes and behavior problems to disorders 
that produce permanent crippling if not 
treated early and adequately. 

The purpose of this paper is not to 
present an exhaustive list of everything 
which might produce limp, or to demon- 
strate roentgen findings in gross, far ad- 
vanced cases, but rather to emphasize the 
early and minimal findings. Limp due to 
neurogenic causes is not included in the 
discussion. 

The abnormalities found in the growing 
hip constitute an interesting group of con- 
ditions which commonly present them- 
selves as limp, either painful or painless, 
or as pain referred to the knee or anterior 
thigh. Early diagnosis is important in all of 
these ailments, and in some of them it is 
critical. 

Roentgenograms of high quality, show- 
ing both bone and soft tissue detail, are 
essential. Both hips (in anteroposterior and 
lateral projection) should be routinely ex- 
amined. This is because of the frequency of 
bilateral involvement and the desirability 
of comparing sides as an aid in detecting 
minimal changes. Taking an anteroposte- 
rior roentgenogram of the pelvis, to include 
both hips, and a lateral roentgenogram of 
the hips in “frog leg’”’ position is a good 
routine practice. 

These conditions are presented in the 
order in which they are usually seen, start- 
ing with the defects found in younger pa- 
tients and progressing to those in older pa- 
tients. 


CONGENITAL DISLOCATION OF THE HIP 

Ideally, congenital dislocation of the hip 
should not be included in the causes of hip 
limp in childhood. It should be diagnosed 
by physical examination shortly after 
birth; a diagnosis made after the child has 
started to walk is a late diagnosis.® Bilateral 
congenital dislocation of the hip is more 
dificult to diagnose clinically than the uni- 
lateral cases because the abnormal find- 
ings are symmetric and more easily over- 
looked. 

On examination, the skin folds are seen 
to be asymmetric, the infant is reluctant 
to use the affected extremity and there is 
shortening of the involved extremity. When 
the patient lies flat on his back with both 
hips and knees flexed, the affected leg ap- 
pears shorter and will resist full abduction. 
After the child begins to walk, there is a 
painless limp in unilateral cases. In_bilat- 
eral cases the gait is said to be typical and 
is waddling in type. There is a prominent 
abdomen and increased lumbar lordosis 
since the line of weight-bearing is shifted 
posterior to the acetabulum. 

Congenital dislocation of the hip is ap- 
proximately six times more common in fe- 
male than in male infants. It 1s more often 
unilateral, and is very rare in Negro in- 
fants. In Asiatic countries, where the child 
is carried on the mother’s hip, with the legs 
abducted, the incidence of congenital dis- 
location is reduced.’ 

On roentgen examination, before the ap- 
pearance of the capital femoral epiphysis, 
the increased slant of the acetabular roof 
may be the only abnormal finding; dis- 
placement of the femoral shaft upward and 
laterally may also be noted. Interpretation 
of the former finding is difficult, since in- 
creased slant of the acetabular root does 


* From the Department of Radiology, Norwood Clinic and Carraway Methodist Hospital, Birmingham, Alabama. 


454 


: 
% i 


Vor. 86, No. 3 


not always mean that the child has or will 
develop congenital dislocation of the hip.! 

After the appearance of the capital fe- 
moral epiphysis, usually at about the age 
of six months, recognition is easier. In con- 
genital dislocation there may be delay in 
the appearance of the capital femoral 
epiphysis and, once it appears, it may be 
smaller than normal. Comparison with the 
opposite side is helpful. 

The radiologist should consider the pos- 
sibility of congenital dislocation in cases 
of increased slope of the acetabular roof, 
lateral and upward displacement of the 
femoral shaft, or asymmetric or under- 
development of the capital femoral epiphy- 
sis. These suggestive roentgen findings, 
when correlated with the physical findings, 
offer the optimum chance for early diag- 
nosis (Fig. 1). 


COXA VARA 


This term refers to a condition in which 
there is a decrease in angulation between 
the femoral neck and shaft. Normally, the 
angle of the femoral neck is 120-130 de- 
grees, but in coxa vara it may be 60 de- 
grees or less. The defect may be congenital 
or acquired. Very little is known of the 
pathology of the congenital type. It is as- 
sumed to be due to anomalous ossification 
of the proximal third of the femur. Ac- 
quired types may be associated with 
rickets, osteomalacia and fractures of the 
femoral neck (either traumatic or path- 
ologic) and other causes. 

The limp associated with coxa vara is 
painless. It may appear in children learn- 
ing to walk, or it may have an insidious 
onset in later years following minor trauma. 

The physical examination shows limita- 
tion of abduction and internal rotation. In 
bilateral cases, as with congenital disloca- 
tion, there 1s increased lumbar lordosis and 
a protuberant abdomen. The femoral head 
is palpable, however, in its normal location 
and there is no telescoping. Clinically, 
coxa vara is similar to congenital disloca- 
tion except for these latter two findings. 

This condition is usually easy to diag- 
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Fic. 1. Congenital dislocation of the right hip. 
Neither capital femoral epiphysis has appeared. 
There is increased slope of the right acetabulum 
and displacement of the femoral shaft laterally and 
cephalad. 


nose on roentgen examination, which 
shows the decreased angulation between 
the femoral neck and shaft as described. 
If the condition is acquired, or associated 
with another disease, other stigmata may 
be seen on the roentgenograms of the 
pelvis or other parts (Fig. 2). 


PYOGENIC INFECTION OF THE HIP 

This condition may appear a few days 
following birth and most cases are ob- 
served in infants. It does not commonly 
produce limp, since the child is usually too 
ill or too young to walk. If the hip joint is 
to be saved, prompt diagnosis is essential. 
There is early destruction of the joint 
cartilage by proteolytic enzymes produced 
by the pyogenic organisms. It may start as 
an osteomyelitis of the femoral neck and, 
because the femoral neck is contained 
within the joint capsule, spread to the 
joint itself. 

The patients usually appear acutely ill, 
but not invariably so. There is marked 
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Fig. 2. Congenital bilateral coxa vara. There is a 
marked decrease in the angle between the femoral 
shaft and neck. This is a typical finding and 
usually makes possible an easy roentgen diagnosis. 


limitation of motion, fullness about the 
hip joint, fever and leukocytosis. This con- 
dition usually presents an acute fulminat- 


ing picture as opposed to tuberculosis of 


the hip, which is usually insidious and not 
common in such young infants. The hip 
infection may be secondary to infection 
elsewhere, as in the urinary tract, respira- 
tory tract or skin. However, it may also be 
primary within the hip itself. 

On roentgen examination there is widen- 


ing of the joint space and prominence of 
the shadow of the joint capsule. Areas of 


destruction in the femoral neck may appear 
later. Destruction may be greater in de- 
gree than it appears on the roentgenogram 
because so much of the femoral head and 
neck is cartilage in infants.’ In advanced 
cases actual dislocation of the joint may 
occur. 


TUBERCULOSIS OF THE HIP 

The hip is the most common joint in- 
volved by tuberculosis and constitutes 20 
per cent of cases of bone and joint tubercu- 
losis.’ 

The tubercle bacillus reaches the joint 
by hematogenous spread and may primar- 
ily involve the synovia or inferior neck ad- 
jacent to the epiphy seal line, but it is best 
to consider it as a general involvement of 
the joint. 

The condition has an insidious onset with 
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hip pain, limp, atrophy of leg muscles, 
afternoon fever and, frequently, night 


cries. As in most causes of childhood limp, 
the pain may be referred to the knee or 
thigh with little or no complaint of hip 
pain. Pain is often worse on arising but im- 
proving with activity, only to recur follow- 
ing longer periods of exercise. If untreated, 
after weeks or months activity becomes 
impossible and the patient is bedridden. 

The tuberculin test is practically always 
positive and a negative tuberculin test 
with a suspected tuberculous hip should 
lead to checking of the antigen and use of 
another source.? Tuberculous infection of 
the hip is infrequent under two years of 
age. 

On early roentgen examination, there is 
widening of the joint space due to increased 
joint fluid and decreased density of the 
bones of the hip, extending into the prox- 
imal portions of the neck of the femur. 
Later, the joint space is narrowed. Al- 
though there are no proteolytic enzymes 
associated with tuberculous infection, pro- 
gression of the disease is so slow that the 
narrowing of the joint space stands out. 
There is prominence of the capsular sha- 
dow; trabeculae become less prominent 
and have a hazy appearance. The disease 
may progress to gross bone destruction 
(Fig. 3). 


SYNOVITIS OF THE HIP 

This is a very important and probably 
the most common cause of hip limp in 
childhood. It bears a poorly understood rela- 
tionship to other more serious hip diseases 
in children and adults. Children’ with 
synovitis of the hip have an increased prob- 
ability of developing Legg- Perthes’ disease 
and synovitis appears at times to be the 
first symptom of an incipient form of the 
disease. It may be an underlying cause in 
any unilateral degenerative hip disease dis- 
covered in the second decade of lite. 

The etiology is unknown. Trauma, al- 
lergy, and toxic factors have been postu- 
lated, but none of these factors can apply 
to all cases.’ 
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Clinically, the condition closely mimics 
Legg-Perthes’ disease. The limp, age group 
and physical findings are very similar. 

It has been called the most common 
cause of irritable hip in the older child with 
a negative roentgen examination.° A close 
study of good quality roentgenograms, 
however, will reveal positive findings. The 
soft tissue shadow of the joint capsule is 
thickened and bulges laterally and supe- 
riorly. Comparison with the opposite side is 
helpful. Soft tissue swelling of muscles 
(obturator internus, gluteus minimus and 
iliopsoas) is a less constant finding and more 
dificult to interpret. There may also be 
slight widening of the joint space due to an 
increase in fluid. This is more easily de- 
tected medially? (Fig. 4). 

The symptoms usually subside rapidly 
with treatment and this also aids in dif- 
ferentiating synovitis from other clinically 
similar hip conditions. 


LEGG-PERTHES’ DISEASE 


This is a common and serious cause of 
hip limp in children. It is the most com- 


Fic. 3. Tuberculosis of the left hip. There is widening 
of the joint space medially and widening of the 
epiphyseal line. An ill-defined area of destruction is 
noted in the femoral neck. At surgery a reddish- 
brown fluid spurted out when the capsule was 
opened. Culture revealed tubercle bacillus. 
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lic. 4. Synovitis of the right hip. There is marked 
lateral bulging of the capsule of the right hip. The 
capsule of the left hip joint appears normal. 


mon of the osteochondroses. It occurs 
primarily in a four to twelve year age 
group. 

Like in other types of osteochondrosis, 
the basis for this disease appears to be cir- 
culatory impairment of the growing bone. 
There is involvement of the capital femoral 
epiphysis with sequestration of this area 
followed by gradual regrowth over a period 
of vears. The condition is approximately 8 
to I times more common in males, suggest- 
ing that physical activity may have some 
relation to the cause. 

It is important to examine both hips be- 
cause of the frequency of bilateral involve- 
ment. If, initially, the disease is unilateral, 
the opposite hip should be observed at in- 
tervals during treatment for possible be- 
ginning involvement. As mentioned above, 
there is sometimes preceding or associated 
synovitis. Cases observed at surgery have 
shown evidence of synovitis. 

Clinically there is a history of limp, with 
pain at the knee or hip, for a period of three 
weeks to two months. There may be 
atrophy of the thigh muscles on the in- 
volved side. Symptoms are not always pres- 
ent from the beginning of the disease. Some 
cases are seen with a short duration of 
symptoms and advanced roentgen changes. 
The}insidious onset sometimes simulates 
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Fic. 5. Legg-Perthes’ disease of the right hip. There 
is slight rarefaction of the right femoral neck and 
minimal widening of the epiphyseal line with some 
irregularity and flattening of the right capital 
femoral epiphysis. 


tuberculosis of the hip as well as other 
chronic hip lesions. 

The earliest roentgen sign is widening of 
the epiphyseal line and irregularity of the 
metaphysis of the femoral neck. The articu- 
lar capsule may be prominent. Rarefaction 
of the femoral neck occurs. Later there is 
flattening of the femoral head with the 
neck becoming short and thick, and the 
capital femoral epiphysis has a sclerotic, 
fragmented appearance (Fig. 5). 


SLIPPED CAPITAL FEMORAL EPIPHYSIS 


This condition occurs in a slightly older 
age group (nine to sixteen years); 7.¢., pre- 
adolescent and adolescent children. It is 
commonly seen in obese and poorly de- 
veloped children, although tall asthenic 
children may also develop slipping of this 
epiphysis. 

The plane of the epiphyseal line changes 
from the horizontal to the oblique as the 
child becomes adolescent and it has been 
postulated that this makes the epiphysis 
vulnerable to a shearing force from the in- 
creased angulation.' This produces a chronic 
limp, which may or may not be painful. 
The pain is frequently referred to the knee. 
Clinically the limp shows little difference 
from the limp of Legg-Perthes’ disease. 


R. W. Carter 
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The early roentgen findings are similar 
to those in Legg-Perthes’ disease, namely, 
widening of the epiphyseal line and rare- 
faction of the femoral neck. The slipping 
usually is downward and backward from 
the normal position, or it may also be 
medial. Klein ef a/.4 have stated that a line 
drawn along the superior border of the 
femoral neck, on the anteroposterior roent- 
genogram, should transect the capital 
femoral epiphysis (Fig. 6). In cases of 
medial slipping this transection would not 
occur. Without attention to this detail, 
medial slipping could easily be overlooked. 
Posterior slipping is detected in the lateral 
view which usually demonstrates an obvi- 
ous change in the relationship between the 
epiphysis and the femoral neck. 


SUMMARY 


1. Good quality roentgenograms and at- 
tention to minimal findings are necessary 
for early diagnosis of conditions causing 
hip limp in childhood. 

2. Comparison with the opposite side 1s 
helpful in detecting early changes. 

3. Early diagnosis is important in all 


lic. 6. Slipping of the left capital femoral epiphysis. 
Slight medial slipping on the left is noted; a line 
drawn along the superior border of the femoral 
neck would not transect the epiphysis, as it would 
on the right. 
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these conditions, and critical in some; any 
help the radiologist can give the clinician 
will increase the chance of earlier recogni- 
tion. 


Norwood Clinic 
1529 North 25th Street 
Birmingham, Alabama 
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BILATERAL INCURVING OF THE TERMINAL 
PHALANGES OF THE FIFTH FINGERS* 


AN ISOLATED LESION OF THE EPIPHYSEAL PLATE 
By HERBERT J. KAUFMANN and WILLY F. TAILLARD 


BASEL, SWITZERLAND 


ONGENITAL anomalies involving the 
phalanges are, on the whole, easily 
recognized and classified. Particularly, the 
incurving of the fifth finger is well known 
as a stigma of mongolism or as an isolated 
anomaly occurring sometimes as a familial 
trait. There also exists, however, a condi- 
tion of apparently acquired nature aftect- 
ing the terminal phalanx of the fifth finger. 
Kirner® is credited with the first descrip- 
tion, in 1927, of this disorder. A few subse- 
quent publications have been devoted to 
this entity, bringing the total number of 
cases reported so far to 14.!'4-* From the 
data available in these reports it appears 
justified to delineate this disorder in a clear 
fashion from all the other affections in- 
volving the phalanges of the fifth fingers. 
Since, in the American literature, there 1s 
no information available on this peculiar 
bony disturbance, we would like to report 
the findings of a case recentiy seen at the 
Children’s Hospital of Basel, Switzerland, 
together with the data of a second case from 
the files of the X-ray Department of the 
Children’s Hospital, Boston, Massachu- 
setts. 


CLINICAL FEATURES 


Krom the accumulated data it can be 
seen that this disorder is first noticed in 
preadolescence, between the ages of eight 
and fourteen years. Girls appear to be 
affected more frequently than boys, in a 
ratio of about 2:1. According to the his- 
tories, trauma does not seem to play any 
role. 

The onset is insidious with the parents 
usually reporting slow deviation of the 


terminal phalanx of the little fingers mani- 
festing itself in a progressive manner over 
a period of many months or even years. 
There are no subjective complaints of pain 
or neurologic manifestations. The only 
difficulty a patient may encounter ts in the 
execution of skilled acts requiring the use 
of the little fingers, such as, playing the 
violin or piano, or using a typewriter. 
Objectively, there is usually minimal 
redness over the affected phalanx with 
some degree of swelling. However, no 
tenderness or hyperthermia can be noticed. 
In no instance were there signs of local in- 
fection. The position of the axis of the 
terminal phalanx of the fifth fingers is 
strikingly and unitormly abnormal. There 
is a considerable degree of palmar and 
radial deviation with an element of rota- 
tion (supination) of the most distal portion 
of the fifth fingers. The convexity of the 
fingernails may be abnormally pronounced. 


ROENTGEN FEATURES 


The deviation, as seen on the roentgeno- 
gram, does not aftect the entire terminal 
phalanx but only its diaphysis. The 
epiphysis is in the normal position. The 
joint space between the middle and termi- 
nal phalanx is normally preserved. The 
metaphysis is ill defined, if visualized at all. 
In some cases, the epiphyses appear 
thicker than those of the unaftected 
terminal phalanges or fingers. The space of 
the epiphyseal plate is generally widened. 
The diaphysis deviates 10° to 50° radially 
from its normal axis and to almost the 
same degree in the palmar direction. The 
diaphyses are markedly narrowed; they 


* From the Departments of Roentgenology and Orthopedic Surgery of the Children’s Hospital of the University of Basel, Switzer- 
land; and the Department of Radiology of the Children’s Hospital Medical Center, Harvard University Medica! School, Boston, 


Massachusetts. 


Presented in part at the Annual Meeting of the Society for Pediatric Radiology in Atlantic City, September 26, 1960. 
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appear bent and show a loss of normal 
trabeculation. The cortical portions are 
often ill defined with an irregular contour, 
particularly on the palmar and radial sides. 
These changes can be present in varying 
degrees according to the stage of the dis- 
ease process. 


REPORT OF CASES 


Case 1. This nine year old girl was seen at the 
Children’s Hospital of the University of Basel. 
At the time of admission to the hospital for a 
diagnostic work-up for an unrelated disorder, it 
was noted that the terminal phalanges of the 
fifth fingers deviated symmetrically in a palmar 
and radial direction. She was the only child of 
healthy parents and there was no information 
available on any bony abnormalities in the 
father’s or mother’s families. The parents 
claimed that the abnormal shape and direction 
of the tips of both fifth fingers had been present 
for some time (several years?) but that the 
changes observed in early infancy were by no 
means as marked as at the present. At no time 
were there subjective complaints. Trauma of 
any kind was denied. 
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lic. 1. Case 1. Dorsal view showing the incurved 
terminal phalanges of the fifth fingers. The swell- 
ing over the distal phalangeal joints is well visual- 
ized. 


Physical Examination. Both _ terminal 
phalanges of the fifth fingers deviated radially 
by 40° to 50° (Fig. 1) and to a similar degree in 
the palmar direction when viewed in the lateral 
aspect. In the region of the distal joints of both 
the affected fingers, there was a mild degree of 
diffuse swelling and thickening of the skin 
together with minimal redness, but no local 
hyperthermia or pain to pressure. Skin sensitiv- 


2 


ic. 2. Case 1. (4 and B) Posteroanterior roentgenograms of both hands. 
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Fic. 3. Case 1. (4 and B) Lateral roentgenograms 
of the fifth finger of each hand. 


ity and proprioception were normal. The range 
of motion of the joint was only mildly restricted 
in that neither complete extension nor complete 
flexion could be achieved. 

Roentgen Findings. Vhe only abnormal find- 
ings are limited symmetrically to both terminal 
phalanges of the fifth fingers (Fig. 2, 7 and B; 
and 3, 4 and B). The diaphysis is in an ab- 
normal relationship to the epiphysis with 
widening of the epiphyseal plate. The trabecu- 
lation of the diaphysis is highly irregular with 
areas of increased density in the central por- 
tions and less definition of the cortex, particu- 
larly on the palmar and radial sides. Also there 
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is marked structural loss of the metaphysis. No 
signs of osteolysis, bony sequestration or callus 
formation can be recognized. A skeletal survey 
revealed nothing abnormal. 

In addition, roentgenograms of the feet of 
this patient and of the hands and feet of both 
her mother and father were obtained but they 
presented no abnormal findings. 


Case u. A ten year old boy was seen at the 
Children’s Hospital, Boston, in the year 1944. 
He was brought to the hospital for a deformity 
of both fifth fingers. The mother claimed that 
during the preceding four years there had been 
gradual thickening and deviation of the ter- 
minal phalanges of the fifth fingers. At no time 
was there pain, local infection or any joint in- 
volvement. According to the history, there had 
been no significant disease. The boy was fully 
active with no subjective complaints. 

Physical Examination. Vhere was thickening 
of the terminal phalanges of the fifth fingers 
with minimal “clubbing” (ig. 4, .7 and B); all 
other joints were normal. Temperature meas- 
urements by skin electrodes revealed no differ- 
ences between the local affected areas and the 
rest of the fifth fingers or any portion of the 
other fingers or their terminal phalanges. 

Roentgen Findings. No evident abnormality 
is present except for that of each fifth finger 
where there is considerable soft tissue thicken- 
ing at the tip and considerable deformity of 
each distal phalanx (Vig. 5, 7, B and C). These 
are irregular in contour, with considerably in- 
creased density and palmar and radial devia- 


Fic. 4. Case 1. (4) Photograph of the dorsal aspect of both hands demonstrates the shortness and incurving 
, of the terminal phalanges of the fifth fingers. (B) Photograph in the lateral view of the fifth fingers shows 
the palmar deviation, diffuse swelling over the distal joints and the exaggerated convexity of the fingernails. 


: 
' 
‘ A 


ving 
LOWS 
ails. 


Kic. §. Case 1. (4) Posteroanterior roentgenogram of both hands. (B and C) Detailed views of 
the affected terminal phalanges. 
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Fic. 6. Case 1. (4 and B) Lateral views of the fourth and fifth fingers. 


tion. There is nothing to suggest osteomyelitis. 
Examination of the long bones revealed no 
essential variation from the normal. 


Comment. The etiology of these changes 
is not evident but they are such as those 
frequently associated with a vascular dis- 
turbance or conditions such as scleroderma. 
However, they also may be developmental 
in nature. 


DISCUSSION 


From these 2 cases and the 14 other 
cases recorded to date, the following char- 
acteristics of this disorder can be recog- 
nized: (1) manifestation between eight and 
fourteen years of age; (2) painless swelling 
and progressive palmar and radial devia- 
tion of the distal phalanges of the fifth 
fingers over a period of time (three months 
to several years); (3) bilateral involvement 
(in 14 of the 16 patients); (4) usually sym- 
metric progression with, however, single 
cases showing a slight difference in the 
stage of the disorder comparing the two 


sides;**" (5) girls affected twice as fre- 
quently as boys; (6) normal or slight re- 
tardation of closure of the epiphysis but 
persistent deviation and shortening of the 
diaphysis of the terminal phalanx with 
virtual return to normal bony architec- 
ture;’’ (7) no other pathologic changes of 
the skeleton; and (8) no familial occurrence. 
The question of the nature of this dis- 
order has so far remained open to specula- 
tion. In our Case 1 we did a biopsy of one 
of the affected fingers, at which time it was 
noted that there was a definite lysis be- 
tween the diaphysis and epiphysis of the 
terminal phalanx. The biopsy specimen is 
presently being reviewed by different 
authorities on bone pathology and will be 
reported upon in a later communication. 
There appears to be evidence that this ts 
a lesion compatible with aseptic necrosis. 
The observation of an epiphysiolysis, how- 
ever, presents a new possibility on the eti- 
ology of this rare disorder. In the lateral 
view of the fourth and fifth fingers of the 
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left hand in our Case 1 (Fig. 6, 4 and B), 
the separation of the diaphysis is clearly 
apparent. The epiphysis itself is in a normal 
position but is markedly thicker than nor- 
mal. Again, the lack of a well defined meta- 
physis is noticed, together with the ab- 
sence of normal trabeculation and poor 
structural formation of the cortex. We em- 
phasize this point particularly since Schmid? 
proposed the term “juvenile osteomalacia 
of the terminal phalanx of the small fin- 
gers’’ to describe this disorder. We have not 
been able to obtain any evidence of an 
osteomalacic process and feel that this dis- 
ease primarily attects the formation of the 


metaphyses of the terminal phalanges of 


the fifth fingers. 

As a secondary mechanism, dominance 
of the flexor digitorum profundus over the 
extensor muscles displaces the diaphysis in 
the described manner. Subsequent to 
epiphyseal lysis there is a sudden aggrava- 
tion of the abnormal position of the term- 
inal phalanx. The condition then stabilizes 
in this abnormal anatomic relationship 
with ultimate fusion, shortening and _ re- 
trabeculation of the affected terminal 
phalanx. 

Based on the evidence mentioned and 
awaiting the outcome of the analyses of the 
pathologic specimen, we propose, for the 
time being, to refer to this disorder, using 
the original descriptive term of Kirner,* as 
“bilateral incurving of the terminal pha- 
langes of the fifth fingers.”’ 

SUMMARY 

\ description of 2 cases of bilateral in- 
curving of the terminal phalanges of the 
fitth fingers is presented. This rare disorder 
attects adolescents from eight to fourteen 
vears old, and girls twice as frequently as 
boys. The finding of a true epiphysiolysis, 
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confirmed at operation, is reported for the 
first time. Available data on the natural 
course of this disorder are reviewed. There 
is ultimate bony union of the slipped ele- 
ments in their abnormal anatomic rela- 
tionship. No therapy has been proposed up 
to the present time. 


H. J. Kaufmann, M.D. 
Kinderspital 
Basel, Switzerland 


We express our indebtedness to Dr. E. B. D. 
Neuhauser for permission to include Case 1 and 
our gratitude for his help and criticism in the prepa- 
ration of this paper. 
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SEPARATE CENTERS OF OSSIFICATION OF THE 
TIP OF THE INTERNAL MALLEOLUS 


By SAMUEL SELBY, M.R.C.S. (Ena.), Fels Research Institute 


YELLOW SPRINGS, OHIO 


EPARATE centers of ossification of the 

tip of the internal malleolus have been 
described by Fairbank,* Mouchet,* and 
Den Hoed.* Bircher' has described an os 
subtibiale, which is without doubt a non- 
union of a separate center of ossification at 
the tip of the internal malleolus. Mouchet* 
reported the findings in a single child. 
Lapidus’ stated in The Fournal of Bone and 
Joint Surgery, ‘‘Ruckensteiner demon- 
strated the presence of the distal tibial 
epiphysis as early as the seventh month of 
life, in any event nearly always betore the 
second year. According to him, the distal 
tibial epiphysis develops in transverse di- 
rection to the long axis of the limb. As the 
ossification of the epiphysis reaches the 
medial lower edge of the tibial diaphysis, 
the ossification of the epiphysis continues 
medialward and downward, forming the 
medial malleolus. The latter takes place 
only at the age of eight or nine years. At 
about this time an inconstant independent 
center of ossification may occasionally be 
formed at the tip of the medial malleolus. 
This center seems to unite soon after its ap- 
pearance. One case was seen by Rucken- 
steiner.” The incidence of this lesion was 
not specifically investigated by any of the 
mentioned authors. Den Hoed,’ in study- 
ing the roentgenograms of 150 normal chil- 
dren for ossification development, found 
21 cases or 10.7 per cent in which there 
were separate centers of ossification at the 
tip of the internal malleolus. Of these, 14 
were boys and 7 were girls. He contrasted 
his findings with those of Fairbank‘ who 
stated that it occurred more commonly in 
girls. 

Kohler and Zimmer’ in their book state 
that the separate center of ossification is 
common between the ages of eight and 
nine; however, the incidence, sex distribu- 
tion or the age of complete ossification of 


the tibial tip are not given. Cattey® states, 
“In a small percentage of healthy children 
who have no sign of disease near the ankles, 
the medial malleolus of the distal epiphys- 
eal cartilage of the tibia will show a sepa- 
rate ossification center . . . the ossicles may 
be unilateral or bilateral.’’ He does not 
mention the specific incidence percentage 
nor sex distribution. 


METHODS AND MATERIAL 


The Fels longitudinal study is an ideal 
method by which to determine the time of 
appearance of extra centers of ossification 
based on sex. In the past years the charac- 
ter of the population at the Fels Research 
Institute has not substantially changed. 
The socioeconomic distribution consists of 
a group in moderate circumstances, Cau- 
casian in origin and from a background of 
farmers, tradesmen and people of the mid- 
dle and lower-middle classes. Many siblings 
of those in the early study have become 
part of the present sample. Children born 
after 1937 and betore 1953 constitute the 
present study group. These children re- 
peatedly underwent complete pediatric ex- 
aminations. Anthropologic measurements 
were made of their height, weight, length, 
chest, skull, and calf. They were examined 
roentgenographically at birth, at one 
month, three months, six months, nine 
months, one year and thereafter at half- 
vearly intervals until the age of eighteen. 
The examination usually consisted of roent- 
genograms of the skull, teeth and of the ex- 
tremities, including soft tissue roentgeno- 
grams of the latter, and of an anteropos- 
terior roentgenogram of the left lower limb 
which was always available for comparison. 
A special posture roentgenogram was also 
taken of children between the ages of two 
and one-half to eight and one-half years. 
These included both lower limbs, enabling 
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one to detect the age at which the extra 
centers of ossification of the tip of the in- 
ternal malleolus appeared, whether or not 
they were bilateral and often when they 
united with the main mass of the tibia. If 
the center had not yet appeared, or had not 
joined the main mass by the age of eight 
and one-half years, its progress could be 
traced on the roentgenograms of the left 
lower limb. 

This series consisted of 151 children from 
75 families, 88 boys and 63 girls. There 
were two sets of triplets and three sets of 
twins. Fifteen of the boys showed roent- 
genographic evidence of extra ossification 
centers of the tip of the internal malleolus. 
The earliest age at which these appeared in 
the boys was six years, the latest age was 
eleven. The earliest age at which the cen- 
ters joined the main mass was six months, 
the latest twelve years. The boy in whom 
the ossification center appeared at eleven 
years and joined at twelve matured slowly 
(Greulich and Pyle’). Of the 63 girls, 30 
had extra centers of ossification. Twenty- 
seven of these had roentgen findings of bi- 
lateral centers. Three were found to have 
extra centers of ossification on the roent- 
genograms of the left limb since they did 
not fall in the group which had special 
posture roentgenograms. The earliest age at 
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which the extra centers appeared in the 
girls was six and one-half years and the lat- 
est age was nine years. The latest age at 
which the ossification center united with 


the main mass was eleven and one-half 


years in a girl in whom the extra tibial 
center first appeared at nine; she, too, was 
a late maturer® and also a severe asthmatic. 
The shortest period in which the extra ossi- 
fication center joined the main mass after 
its appearance in both girls and boys was 
six months. Posture roentgenograms taken 
at eight and one-half years showed that 
only 4 of the 15 boys had bilateral ossifica- 
tion centers; two were brothers. Table 1 


shows the age of appearance and union of 


the extra centers to the main malleolar 
mass. The mean age of appearance in girls 

was 7.65 years; the mean age of union was 
8.7 ott The median length of time in 
which union occurred was 1.14 years. In 
boys the mean age of appearance was 8.76 
years and of union 10.8 years. The median 
length of time in which union occurred was 
1.34 years. 

Of the boys, 2 sets of brothers had two 
extra ossification centers; in the girls 6 sets 
of sisters had extra centers of ossification. 
One of the group of sisters had a brother 
who also had an extra center. This was the 
only family in which the extra centers ap- 
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AGE OF APPEARANCE OF EXTRA CENTERS 


Combined 


Age 

(yr.) 6.0 6.5 7.0 7.5 8.0 8.5 9.0 9.5 10.0 10.5 11.0 Total 
Boys — 2 5 2 I 15 
Girls 6 I 11 3 6 3 30 
Total I 6 2 12 4 8 8 I 2 I 45 

AGE AT WHICH THE EXTRA CENTER JOINED TIBIA 

Age Combined 

(yr.) 6.0 7.5 8.0 8.5 9.5 10.0 19:0 12.6 Total 
Boys 1 1 I 4 4 I 12 
Girls 10 6 2 4 29 
Lotal 4 3 11 7 2 8 4 I I 41 
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lic. 2. Female, aged eight and one-half years. Roent- 
genogram shows a separate ossification center. 


Fic. 1. Female, aged eight years. Roentgenogram 
shows beginning downgrade of tip. 


Fic. 3. Female, aged nine years. Roentgenogram — Fic. 4. Female, aged eight and one-half years. Roent- 
shows engulfing of separate ossification center, genogram shows the downgrowth of the main mass 
giving the appearance of an os subtibiale. and two separate ossification centers. 


ae 


Separate Centers of Ossification 499 


6. Female, aged nine and one-half years. Roent- 
t- ; : genogram shows formation of the tip with spherule 
Fic. §. Female, aged nine years. Roentgenogram like areas. 
shows 4 ossification centers outlining the tip. 


ent- 
Nass Itc. 7. (4 and B) Female, aged seven and one-half years. Roentgenograms show the 


formation of the tip of the internal malleolus in an early maturer. 


2 
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lic. 8. (4 and B) Female, aged seven and one-half years. Roentgenograms showing that the tip of the 
malleolus of the right extremity formed ahead of the one of the left extremity. 


peared uniformly in all 3 children. Extra 
ossification centers were regarded as such 
only when there was a definite radiolucent 
boundary between the extra center and the 
main mass of the lower tibial eipiphysis 
(Fig. 1 and 2). This was the defining bound- 
ary which Bircher! used in his description 
of the os subtibiale (Fig. 3). It was found 
necessary to do this because the rapid 
downgrowth of calcification, often comma- 
shaped, could be confused with an extra 
center. Frequently, there was downgrowing 
calcification engulfing and surrounding the 
extra centers which made them look like a 
conjoined group of spherules (Fig. 4), or 
multiple centers (Fig. 5). Sometimes the 
center began as a small millet seed (or it 
could be larger), then from time to time 
appeared as two to three discrete small 
centers (Fig. 6). At times (Fig. 7, 7 and B) 
a separate center of the tibia would appear 
on the right side before one appeared on the 


left, or an ossification center on one side 
might form a tip of the tibia without an 
extra center (Fig. 8,.7 and Band g, 4 and 
B). 

There does not seem to be a uniform pat- 
tern in the formation of separate centers of 
ossification; however, they do tend to be bi- 
lateral in females. 

CONCLUSIONS 

Extra centers of ossification at the tip of 
the internal malleolus are found more fre- 
quently in females than in males. They 
have been noted in 47 per cent of females. 
This appears to be a hereditary trait.’ 
Pryor!’ observed also that in females the 
skeletal ossification occurs at an earlier age. 


9A Langland Gardens 
London N.W.3, England 


I am indebted to Christabel Rohmann for statisti- 
cal help and to Lois Conklin for her patience in typ- 
ing this article. 
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Fic. 9. (4 and B) Female, aged eight and one-half years. Roentgenograms show that the tips of the malleolus 
are formed in both extremities; however, the right is more advanced than the left. Variations in radio- 
lucency can be seen on the left extremity. 
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UNUSUAL BONE TUMORS AFTER ROENTGEN 
THERAPY OF CHILDREN* 


TWO CASE REPORTS 
By JONATHAN COHEN, M.D., and GIULIO J. D’ANGIO, M.D. 


BOSTON, MASSACHUSETTS 


OSTIRRADIATION tumors of bone, 

both malignant and benign, have oc- 
curred infrequently following roentgen 
therapy which included exposure of parts of 
the normal skeleton (Tables 14 and 1B). 
The appearance of two unusual tumors of 
bone in a selected series of 247 children who 
received roentgen-ray therapy at The 
Children’s Hospital Medical Center of 
Boston has important implications regard- 
ing the late effects of radiation in children. 
The tumors are of interest because of their 
histologic features, which are distinctly 
different from any postirradiation tumors 
of bone previously recorded and which pre- 
sent some difficulty in classification. In the 
series, the 2 cases represent the only in- 
stances of neoplasms, excluding exostoses, 
which occurred in normal bone after 
roentgen therapy. In the literature, the 
most frequent malignancies induced in 
bone by irradiation have been osteogenic 
sarcomas. Rarely, chondrosarcomas, giant 
cell sarcomas, and unclassified sarcomas 
have appeared. The reported benign post- 
irradiation neoplasma have been osteo- 
chondromas. 


MATERIAL 


The series of children under discussion 
was selected from the total of 8,321 who 
were referred to the Radiotherapy Section 
of The Children’s Hospital Medical Center 
of Boston from January, 1938 to December, 
1957. With rare exceptions, all were under 
thirteen years of age. 

They could be classified in two main 
groups. In the first, 7,423 had benign proc- 


esses, ¢.g.. hemangiomas, nasopharyngeal 
lymphoid hyperplasia, keloids, etc. Not all 
these children were treated. When roent- 
gen irradiation was given, the estimated 
doses to bone were very rarely more than 
1,000 r and, in the majority of patients, less 
than soo r. These children, therefore, re- 
ceived lower doses than might be expected 
to cause bone tumors. They have been 
followed for many years, either in hospital 
clinics or by referring physicians. To the 
best of our knowledge, no instance of post- 
irradiation bone tumor has occurred. Con- 
sequently, this group is excluded from 
further consideration here. 

The second group includes 898 children 
who received more intensive and protracted 
courses of treatment, the majority for 
malignant processes, a smaller number for 
Hand-Schiller-Christian disease or its vari- 
ants, and a few for aneurysmal bone cysts, 
nasopharyngeal fibromas, etc. Follow-up 
data on all but 35 of these children are 
available. Two hundred and_ forty-seven 
have survived for two vears or longer after 
roentgen therapy (Table 1). All had treat- 
ment administered to portals that included 
at least one normal bone. The bones most 
commonly irradiated were the vertebrae, 
the ribs, and the skull. Of the 247 patients, 
207 (84 per cent) had doses of 1,000 r or 
more delivered to bone. 


REPORT OF CASES 


Case 1. R.O. was first seen on January 14, 
1943 when he was ten months of age. His chief 
complaint was a mass in the left flank. He was 
admitted to the hospital where a clinical diag- 


* From the Departments of Orthopedics, Radiology, and Pathology, The Children’s Cancer Research Foundation; and the Division 
of Laboratories and Research, The Children’s Hospital Medical Center; and the Departments of Orthopedics and Radiology, Harvard 


Medical School, Boston, Massachusetts. 


This investigation was supported in part by grants from the National Institutes of Health, USPHS ¢CY 3335. 
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REPORTED BONE TUMORS ARISING IN NORMAL BONE 


Age 


Latent 
No b. hen Sex Period Primary Disease 
Treated 
(vr.) 
(yr.) 

I II M 3 Tuberculous knee 
2 6 M 6 Tuberculous knee 
3 9 M 8 Tuberculous knee 
4 7 M 8 Tuberculous knee 
8 Tuberculous knee 
6 Tuberculous knee 
7 il M 8 Tuberculous knee 
8 11 I 5 Tuberculous knee 
9 4 M 12 Soft tissue sarcoma 
10 I 10 Retinoblastoma 
11 2 F 8 Retinoblastoma 
12 12} M 3 Poliomyelitis 
13 20 Wilms’s tumor 
14 I mo. F 13} Cystic hygroma 
1g 2 F 6 Retinoblastoma 


REPORTED BONE TUMORS ARISING IN ABNORMAL BONE AFTER ROENTGEN THERAPY DURING CHILDHOOD 


Age Latent 
No. Ww hen Sex Period Primary Disease 
Treated 
(yr.) yr.) 
I 9 M 4 Granuloma 
2 I M 13 Bone cyst 
3 7 M 17 Bone cyst 
4 12 M 9 Bone cyst 
¢ 13 F 13 “Cloudiness of antrum” 
6 I F 7 Bone cyst 
M Bone cyst 
8 12 M § Bone cyst 
9 9 F 7 Aneurysmal bone cyst 


SELECTED SERIES OF CHILDREN TREATED AT THE CHILDREN’S HOSPITAL MEDICAL CENTER 
(JANUARY, 1938 THROUGH DECEMBER, 1957) WHO SURVIVED TWO YEARS OR LONGER 


Diagnosis 
499 goo r 


Central Nervous System Tumors I 2 


Wilms’s Tumor fe) 
Neuroblastoma I 1 
Hand-Schiiller-Christian Disease 3 22 
Lymphoma ° 2 
Others 4 4 

Total 9 31 


Bone Tumors after Roentgen Therapy 


TaBLe 1A 


Estimated 
Bone Affected Dose 
Delivered 
to Bone 

Femur Not stated 
Femur Not stated 
Femur Not stated 
Femur and tibia Not stated 
Femur Not stated 
Femur Not stated 
Tibia Not stated 
Femur Not stated 
Femur 7,700 
Frontal ? 


Ethmoid or maxilla 


> 12,000 r 


Femur 6,800 r 
Clavicle ? 
Ethmoid 25,000 r 


AFTER ROENTGEN THERAPY DURING CHILDHOOD 


Tumor Type 


Osteogenic sarcoma 
Giant cell sarcoma 
Chondrosarcoma? 
Giant cell sarcoma 
Osteogenic sarcoma 
Osteosarcoma 
Osteogenic sarcoma 
Chondrosarcoma? 
Osteosarcoma 
Osteosarcoma 
Osteosarcoma 


Osteosarcoma 
Osteosarcoma 
Osteosarcoma 
Osteosarcoma 


Tas_e 1B 


Reported by 


Beck! 

Marsch” 

Marsch” 

Jaruslawsky" 

Kiittner'é 

Denks® 

Denks® 

Gruca!® 

Cade? 

Skolnik et 

Tebbet 
and Vickery”® 

DeYoung? 

Lichtenstein'® 

Cruz et al® 

Cahan et al.3 


Tumor Type 


75r+1,200 mg./hr. Ra Osteogenic sarcoma 
Osteogenic sarcoma 


Chondrosarcoma 


Reported by 


Sabanas et a/.26 
Cahan eft al 
Cahan et a/.3 


Bone Estimated Dose 
Affected Delivered to Bone 
Maxilla 
Humerus 6,000-9,000 r 
Femur 1,$sor 
Humerus 
Maxilla 3,600 r 
Tibia ? 

Humerus ? 
Humerus ? 
Femur 2,600 r 


Taste II 


00 2 ,000- 2, 
goor 2,gocor 
8 1g 
9 21 
II 17 
6 
11 
II 8 
56 70 


16 
18 


4,000- 


3 »gOoo r 4,goo r 


Osteogenic sarcoma 
Osteogenic sarcoma 
Chondrosarcoma 
Osteogenic sarcoma 
Fibrosarcoma 
Fibrosarcoma 


§,000- 6,000—- Total 
5,900 r 6,go0r 7,000 F No. of 
Cases 
3 3 2 63 
I I ° 57 
I ° ° 38 
° ° ° 31 
1 21 
° I I 37 
5 a 247 


Cahan al.3 
Cahan et 
Francisco et al.§ 
Cruz et al 
Jaffe! 


Lichtenstein” 
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nosis of Wilms’s tumor (embryoma) of the left 
kidney was made. The family history was non- 
contributory, as was the child’s gestational, 
neonatal, and developmental history. 

Physical examination elicited normal findings 
except for a large, firm, smooth mass in the left 
flank. The tumor extended from the costal 
margin to the iliac crest and from the lateral 
abdominal wall to the midline. 

Routine laboratory studies were within 
normal limits, except for nonprotein nitrogen of 
45.2 mg./100 cc. Roentgenograms of the chest 
and long bones were negative. An intravenous 
pyelogram showed a large, poorly circumscribed 
soft tissue mass on the left, without abnormal- 
ity of the right kidney and ureter. 

On January 15, 1943 a laparotomy was per- 
formed. The tumor had infiltrated the posterior 
peritoneal wall, adjacent lymph nodes, and the 
renal vein. It was irregularly lobulated and 
arose from the lower pole of the kidney. It 
could not be completely removed and a left 
nephrectomy was done. Histologically, the 
tumor was composed of large sheets and islands 
of neoplastic cells. There was invasion of sur- 
rounding tissues, including the vessels. The 
pathologic diagnosis was embryoma. 

Following the nephrectomy, roentgen ther- 
apy was administered with the following tech- 
nical factors: 200 kvp.; 0.5 mm. Cu and 1 mm. 
Al added filtration (half value layer of 1.05 mm. 
Cu); 10 ma.; $0 cm. target skin distance. The 
free air dose rate at SO cm. was 28 r per minute. 
(The doses which follow are all expressed as 
measured in air.) Daily, except Sundays, 200 r 
was administered to alternating anterior and 
posterior portals. The fields, which measured 
9.5 X13 cm. extended from the right paraverte- 
bral plane to the left flank and from the level of 
D6 to S2. Fifteen treatments in nineteen days 
(January 16 to February 3, 1943) were given, 
with total doses of 1,400 r and 1,600 r to the an- 
terior and posterior portals, respectively. 

The child did well and was readmitted on 
June 6, 1944, at which time no recurrence of the 
tumor was evident. Roentgen therapy was 
again given, the technical factors being the 
same as those listed above. Opposing anterior 
and posterior ports were used, this time meas- 
uring 9X12 cm. After an initial treatment of 
200 r on June 8, 1944, the daily dose was 
changed to 300 r, and seven additional treat- 
ments in eight days were delivered. The course 
terminated on June 16, 1944. Thus, a total dose 
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of 1,100 r was given to the anterior portal and 
1,200 r to the posterior portal. 

Calculations based on the above data were 
made for the total doses delivered to the left 
posterior rib cage (1 cm. below the skin) and to 
the tumor bed at the midplane. Standard depth 
dose tables* were employed and no corrections 
were made for the lack of homogeneity of the 
irradiated tissues, uneven distribution of dose 
across the field, etc. The figures which follow 
are approximations and are not meant to be 
precise assessments of the doses delivered. 
Thus, 2,566 r was received by the posterior por- 
tions of the ribs in the first course of roentgen 
therapy, while the tumor dose was 1,950 r as 
calculated at the midplane. The corresponding 
dosages during the second course were, 1,697 r 
and 1,357 r, totalling 4,263 r and 3,307 r to ribs 
and tumor, respectively. Using an appropriate 
conversion factor, the estimated rib dose in rads 
was 7,503.7! 

Following this therapy the boy was seen at 
intervals and continued to do well. When he 
was fifteen years old, thirteen years after the 
completion or roentgen therapy, he first felt a 
lump in his chest which was slightly tender and 
painful. Two weeks thereafter he was read- 
mitted to the hospital. At this time, physical 
examination revealed a well-healed left rectus 
incision and no other abnormal findings except 
for a firm tender mass 3 cm. in diameter, asso- 
ciated with the eleventh left rib. Routine labor- 
atory examinations were normal except for 
occasional hyaline casts in the urine. 

Roentgen examination (hig. 1) showed an 
irregularity of the bodies of the lumbar verte- 
brae, without erosion or destruction. The left 
ilium was small and underdeveloped. A mild 
scoliosis in the thoracolumbar area was noted. 
The left eleventh rib showed an_ irregular 
architecture and expanded contour, with 
mottled density and punctate calcific deposits 
within a surrounding soft tissue mass. 

Operation on September 4, 1957 disclosed a 
firm mass, 4X 3X5 cm., involving the eleventh 
rib. The cut surface showed several segments of 
paper-thin bony cortex which was entirely ab- 
sent over the medial aspect. The tumor, a solid, 
nodular, white, and translucent mass, extended 
through the pleura, which was not infiltrated. 
An en bloc excision was performed, with the re- 
moval of the tenth, eleventh, and twelfth ribs 
by disarticulation from the vertebrae. The 
associated soft tissues, including intercostal 


oy 
» 
: | 
a 
=" 
dis: 


an 
ft 
lar 
ith 


its 


da 
nth 
sof 
ab- 
lid, 
ded 
red. 
re- 
ribs 
The 


stal 


VoL. 86, No. 3 


muscles, blood vessels and nerves, were also 
excised. 

Microscopically (Kig. 2; and 3, 4-C), the 
tumor was found to have broken through a thin 
bony cortex at a number of places and to have 
extended into the adjacent fibrous tissue but not 
into the muscle. Nodules of abnormal cartilage, 
separated by thin fibrous septa, comprised 
most of the tumor. The centers of the nodules 
were often composed of mature cartilage with 
fewer cells and more matrix than in the periph- 
ery. Myxoid tissue was present in abundance. 
The cartilage cells were variable in shape and 
size and many had atypical nuclei and occupied 
large lacunae, some of which contained two and 
three cells. No gaint cells, areas of calcification, 
or bone formation were noted. In the periphery 


ic. 1. Case 1. A fifteen year old boy with a bone tu- 
mor developing thirteen years after roentgen ther- 
apy of the left hemiabdomen. The left eleventh 
rib, normal at the time of irradiation, now shows 
expansion and irregularity of outline. There is dis- 
ruption of the normal bony architecture. Mottled 
calcification is present within an associated soft 
tissue mass. Postirradiation abnormalities in the 
contour and size of the left ilium and of the dorsal 
and lumbar vertebrae are visible. 
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lic. 2. Case 1. Low power magnification of a cross 
section of the tumor. The bony portion of the rib is 
surrounded by tumor the lobulation of which is 
evident. The smaller, darker-stained lobules con- 
tain calcified cartilage. Small plaques of bone are 
seen in the left upper and right lower portion. The 
pleura is at the inferior edge of the mass. 


of some nodules, rows of cells were present 
which resembled fibroblasts separated by cords 
of atypical nonfibrillar matrix. 

Postoperatively the boy did well and two 
years later showed no evidence of tumor. How- 
ever, the scoliosis (apex at Dio) showed a 
marked increase and at that time measured 15° 
in recumbency and 25° in the upright position. 
No symptoms were present. 


Case u1.* B.H., a Negro girl, first complained 
of abdominal swelling and vomiting in April, 
1954, when she was three years old. At another 
hospital, physical examination revealed an 
abdominal mass which was diagnosed as 
Wilms’s tumor. It was found to infiltrate the 
liver and, during its removal, it was excised 
“flush with the liver” but abdominal spillage of 
tumor cells occurred. Her postoperative course 
was stormy and was complicated by hemor- 
rhage, shock, suture of a partially divided 
common iliac artery, and adrenal insufficiency 
requiring prolonged ACTH and _ cortisone 
therapy. 

Postoperatively, roentgen therapy was given 
to the right upper abdomen to anterior, lateral, 
and posterior portals, each measuring 10X15 
cm. Air doses of 1,300 r, 1,200 r, and 1,000 r, re- 
spectively, were given to these three portals 
from April 8 to 27, 1954. The technical factors 

* Details regarding the early roentgen treatment given this 


patient are reported through the kind cooperation of Dr. B. B. 
Alicandri, Mercy Hospital, Springfield, Massachusetts. 
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C 


employed yielded a half value layer of 1 mm. of 
Cu; the target skin distance was 50 cm. Irom 
June g to 19, 1954, an additional 1,200 r in air 
was given to a posterior portal directed to the 
right upper renal fossa through a 10X10 cm. 
field. At the same time, treatment was directed 
to a left hilar nodule, employing 10X10 cm. 
opposing thoracic portals. An air dose of 660 r 
was given to the anterior chest and 1,200 r to 
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Kic. 3. (4) Typical area of degenerating carti- 
lage with large hypertrophic cells in patterns 
resembling the endochondral sequence. Sev- 
eral lacunae have two nucle: in them. 
(B) Typical section from the more cellular 
parts of the tumor. Much pale blue or non- 
staining intercellular matrix is present. Cells 
resembling fibroblasts are common. Several 
mitotic figures are evident. Myxoid configur- 
ation of some cells occurs in these areas. 
(C) The most cellular area. The matrix is 
variably scant or abundant. Cells show 
atypical size, shape, and staining reactions. 
The pattern does not resemble either carti- 
lage or myxoid tissue. These areas are prin- 
cipally in the periphery of the tumor. 


the posterior. The depth dose was calculated at 
the level of the left rib cage posteriorly (1 cm. 
below the skin) and in the midplane in the same 
manner as in Case 1. The total estimated dose 
to the midplane was 1,246 r and to the posterior 
ribs, 1,800 r (3,168 rads). 

After this therapy the liver began to enlarge 
and on August 11, 1954 the patient was first re- 
ferred to this hospital. At that time physical ex- 
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lic. 4. Case 1. A five year old girl with a bone 
tumor developing two years after roentgen 
therapy of the left chest. (4) May 17, 1956: 
There is a faint, oval, radiolucent defect just 
below the superior margin of the left ninth 
rib. Postirradiation disturbances in normal 
development are apparent in the vertebral 
bodies. (B) February 28, 1957: The cortex of 
the affected rib is now thinned and expanded 
by the tumor. (C) July 31, 19§8: Further 
widening of the rib in both diameters is ap- 
parent. There is also abrupt angulation of 
the rib at the tumor, suggesting a pathologic 


fracture. The thinned cortex is intact along both surfaces and the margins of the lesion are sharp, 
without infiltration of the adjoining rib shaft. No soft tissue mass is visible. 


amination showed a poorly developed girl 
whose principal physical findings indicated a 
fading radiodermatitis of the abdominal wall 
and a slight enlargement of the liver. The labor- 
atory findings were within normal limits and the 
roentgenographic survey of the chest and skele- 
ton showed only an increase in lung markings 
which was interpreted as radiation fibrosis. 

Treatment with a number of antitumor 
chemotherapeutic agents was then begun and 
continued intermittently until the present. The 
child did well until November, 1954, at which 
time sudden flaccid paralysis of the right lower 
extremity without sensory loss was noted. She 
was again hospitalized and a presumptive diag- 
nosis of anterior poliomyelitis was made after 
myelograms and other pertinent tests did not 
reveal any other explanation for the paralysis. 
The neurologic findings have persisted to the 
present; otherwise, the patient has been asymp- 
tomatic, albeit underweight and slow in de- 
veloping. 

In September, 1958, a lesion of the ninth left 
rib which expanded the cortex was discovered 


on routine roentgenography. Retrospectively, 
the lesion could be seen as early as May 17, 
1956, at which time it was merely a juxtacor- 
tical radiolucency, 2 cm. in length, within the 
rib shaft and evident posteriorly (Fig. 44). 
Serial roentgenograms showed gradual growth 
of the lesion, which had begun to expand the 
cortex (lig. 4, B and C). By September, 1958 it 
measured 2.0 X 1.3 cm. and had widened the rib 
in an irregular fashion. No palpable mass was 
present. 

On September 19, 1958 a segment of the 
ninth rib was removed. The resection included 
periosteum and normal bone on both sides. At 
operation, no invasion of soft tissues by the 
tumor was noted. A postoperative roentgeno- 
gram taken on September 25, 1959 is shown in 
Kigure $. 

Gross examination of the specimen removed 
at operation revealed a recent fracture through 
the thin cortex. The cancellous bone of the 
marrow was replaced by gray, firm, fibrous 
tissue which, on section (Fig. 6, 4, B and C), 
showed densely packed cells with variable 


Vor. 86, No. 3 Bone Tumors after Roentgen Therapy _ Gas 
| 
: 
at 
m. 
me a 
se 
107 | 
i 
rge 
4 
re- 
eX- 


508 Jonathan Cohen and Giulio J. D’Angio 


Fic. 5. Case 11. September 25, 1959: Postoperative 
roentgenogram shows that a portion of the left 
ninth rib posteriorly is absent and there is a small 
osteochondroma of the right ilium. Postirradiation 
scoliosis and underdevelopment of the right in- 
nominate bone are also present. 


amounts of cellular matrix between them. The 
patterns of the matrix ranged from fairly ma- 
ture trabecular cancellous bone to primitive 
fibrillar collections between masses of cells. 
Foci of giant cells were present. No cartilage, 
fibrosis, inflammation, or degeneration was 
present. None of the cells showed atypical 
nuclear staining, and mitotic figures were infre- 
quent. 


DISCUSSION 


Only circumstantial evidence supports 
the contention that radiation has caused 
neoplasms to develop in cases such as those 
reported here. Points in favor of this cause- 
and-effect relationship in the present cases 
are: (1) the involved ribs showed no ab- 
normality before irradiation. There is no 
roentgen or histologic evidence to suggest 
that the tumors arose in pre-existing ab- 
normalities of the bone substance. (2) The 
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dose of radiation was sufficient in both pa- 
tients to cause growth disturbances in 
areas immediately adjacent to the in- 
volved ribs. (3) The incidence of primary 
tumor in ribs is infrequent and only a few 
cases have been reported. It is highly im- 
probable, therefore, that these 2 tumors 
were primary, spontaneous lesions not asso- 
ciated with irradiation but arising coin- 
cidentally in the small group of patients 
who comprised the selected series. (4) 
Evidence for the carcinogenic action of 
irradiation on bone is well documented 
experimentally and clinically with respect 
to radium and mesothorium, and experi- 
mentally with respect to other bone-seek- 
ing radioisotopes. There are only a few re- 
ports of the possible carcinogenic potency 
of local external roentgen irradiation in 
animals.'*:!>:*!:2 Perhaps the long latent 
periods and paucity of postirradiation bone 
tumors in patients have discouraged ex- 
perimental studies on this subject. The fre- 
quency with which these neoplasms de- 
velop in bone is not known with certainty. 
They must be rare because only 86 cases 
have been reported. It is noteworthy that 
24 of these were in children thirteen years 
old or younger at the time of irradiation. 
This frequency in children of over 25 per 
cent of the reported cases is markedly dis- 
proportionate, since children make up only 
a small fraction of the patients seen in a 
general radiotherapy center. In 1¢ of the 
24 children listed in Table 14, neoplasms 
developed in normal bones included in the 
field of roentgen therapy. Only 1 of these 
children received treatment for Wilms’ tu- 
mor. He developed an osteogenic sarcoma 
in a rip, the same bone affected in our 2 
patients. No other rib tumors developed in 
the children listed in Tables 14 and 1s. 
The relationship between total roentgen 
dose, dose rate, and latent period, and the 
development of bone tumors (malignant 
and benign) is not clearly defined. Jones” 
has published a comprehensive report on 
the problem of dosage in postirradiation 
sarcoma. On the basis of his own experience 
and the experience of others, he supports 
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the contention advanced by Cahan et al. 
that a threshold dose of about 3,000 r is 
necessary for the production of malignant 
tumors. Two extensive reviews’® and 
several additional case reports have since 
appeared. In some patients in whom the 
dose could be estimated accurately, sec- 
ondary malignant bone tumors developed 


Fic. 6. Case u. (4) Section including cortex of 
the rib on the left with intact periosteum. 
Tumor is invading the bone. Small amounts 
of reactive bone are present on the borders of 
the uninvolved portions. Tumor is present 
in the haversian spaces. Suggestions of the 
pattern of immature bone trabeculae can be 
found in the tumor substance. (B and C) The 
cells of the tumor resemble osteoblasts or 
fibroblasts and there is abundant intercel- 
lular matrix. Although mostly fibrillar, it re- 
sembles immature bone matrix in some 
parts. The cells do not show abnormal num- 
bers of mitotic figures but some are pyknotic 
and others show degenerative changes. 


after small doses—for example, 1,000 r. 
More often, however, the level of 3,000 r 
was exceeded. 

The latent period in the 38 cases re- 
viewed by Jones ranged from 3 to 22 
years from the end of irradiation, with a 
mean interval of 8.6 years. The latent 
period in our second case (two years) is the 
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shortest hitherto recorded children 
(Tables 1a and 1B), while the latent period 
in our first patient is well beyond the 
average reported. 

Several reviews on the histology of post- 
irradiation sarcoma of bone have been 
published. Sabanas et a/.,* in 1956, sum- 
marized the 53 cases recorded in their 
bibliography and added 17. Most of them 
had radiation therapy for various types of 
lesions of bone, and the sarcomas, there- 
fore, arose in pathologic tissue which had 
been irradiated. Only 3 of their own cases 
and 10 among those they had reviewed 
occurred in normal bones which happened 
to be in the path of radiation administered 
for adjacent lesions. Three patients de- 
veloped osteogenic sarcomas, which ap- 
peared thirteen, twenty-one, and thirty 
years after radiation therapy. In the 10 
cases which they reviewed, osteogenic 
sarcomas also predominated, the exceptions 
being 1 case reported by Copeland? (fibro- 
sarcoma superimposed on periosteal os- 
teoma) and 3 reported by Hatcher"! 
(chondrosarcoma). Since the study of 
Sabanas et a/. was published, 6 additional 
reports have added 16 cases to the total of 
bone sarcomas as sequelae to irradiation, 
administered mostly to adults. Ten of these 
tumors occurred in previously normal bone 
tissue. Of these, the 4 cases reported by 
Cruz et al.’ in 1957 were osteogenic sar- 
comas, as were § of the other cases re- 
ported. The tenth was a fibrosarcoma re- 
ported by Cade.’ 

Krom the histologic data in the articles 
reviewed, only 2, or possibly 3, instances of 
chondrosarcoma have been recorded subse- 
quent to irradiation of previously normal 
bone. Cartilage is present in many post- 
irradiation osteogenic sarcomas. The same 
is true of the experimental postirradiation 
sarcomas after administration of radio- 
isotopes. However, cartilage rarely has 
been the predominant tissue in the clinical 
cases, as it was in our patient, R. O. 
(Case 1). His tumor was distinctly different 
from the others in the literature for which 
histologic data are presented, including the 
chondrosarcomas reported. Hatcher’s 3 pa- 
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tients showed areas of reactive bone forma- 
tion and fibrous elements of neoplastic 
type, in addition to malignant cartilagi- 
nous tissue. The tumor in our Case 1 did not 
contain any elements other than cartilage 
and myxoid tissue. Although lobulated, the 
cartilage and myxoid structure was exten- 
sive and confluent, a finding not seen in 
postirradiation osteogenic sarcomas. In 
those cases, cartilage when present usually 
was found in small nodules interspersed in 
the main tissue mass. 

There was a wide diversity of opinion on 
the diagnosis of the tumor in our patient, 
R. O. The authors and some consultants 
believed it represented a chondrosarcoma, 
Others have thought that the tumor was 
nonmalignant, .e., either a chondromyxoid 
fibroma or a chondroma. A diagnosis of 
chondromyxoid fibroma is usually based on 
the presence of numerous areas of myxoid 
tissue in which the cells show some bizarre 
features. These were occasionally seen in 
the lesion of R. O. Though the cortex was 
breached, there was no unequivocal exten- 
sion into the surrounding muscle, so we 
cannot exclude the possibility that fibrous 
tissue still encompassed the tumor. How- 
ever, the clinical history of rapid enlarge- 
ment of a painful tender mass argues 
against the diagnosis of chondromyxoid fi- 
broma. Jaftte’s 2 patients,'?’ each with a 
chondromyxoid fibroma in a_ rib, were 
asymptomatic and the diagnosis was in- 
cidental to roentgen examination of the 
chest. The roentgen evidence of punctate 
calcification present in our patient does not 
support the diagnosis, even though it might 
be suggested by the radiolucency and ex- 
pansion. As Jatte points out, the distinc- 
tions between chondromyxoid fibroma, 
with or without malignant transformation, 
and chondrosarcoma of primary type are 
often difficult to draw. R. O.’s lesion repre- 
sents one in which histologic diagnosis 1s 
difficult, and in which the future course of 
the patient may illuminate the pathology 
further. 

In our Case 1, there was also some dis- 
agreement concerning the exact histologic 
diagnosis. The authors and most of the 
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consultants who saw the lesion thought it 
represented an osteoblastoma. Several 
others felt that the lesion was not a tumor, 
but rather an abnormal reparative reac- 
tion subsequent to a fracture. In support of 
this latter possibility is the known occur- 
rence of fractures in irradiated bone. This 
has been reported not only in the femoral 
neck after roentgen treatment of carcinoma 
of the cervix, but also in ribs following 
therapy for breast carcinoma. The time 
interval between cessation of treatment 
and the development of the lesion also 
corresponds to that described for post- 
irradiation fractures (usually one to five 
vears), rather than that described for post- 
irradiation tumors (often more than eight 
years). However, most of the reported 
fractures were not examined histologically. 
Roentgenologically, they did not resemble 
the lesion under discussion, nor were they 
preceded by the appearance of an expand- 
ing radiolucent focus in the rib. It is prob- 
able that the fracture seen in the patient 
under discussion was secondary to the re- 
placement of bone by nonosseous tissue, 
probably neoplastic. 

Irradiation of growing bones can lead to 
disturbances in normal skeletal develop- 
ment. Some of these complications, e.g., 
scoliosis and exostosis, have been reported 
by Neuhauser ef a/.” and are exemplified by 
our patients. They both have postirradia- 
tion scoliosis and underdevelopment of the 
ilium. In addition, Case 1 developed an 
osteochondroma of the right illum five 
vears after roentgen treatment. 

One case reported by Cruz et a/.° is note- 
worthy in that the patient showed a post- 
irradiation osteogenic sarcoma in a clavicle 
and, in addition, an osteochondroma of the 
adjoining humerus. These complications, 
together with the relatively high frequency 
of postirradiation neoplasms, emphasize 
the need for prolonged and careful surveil- 
lance of all children receiving radiation 
therapy. 


SUMMARY 


In a selected series of 207 children who 
received roentgen therapy with 1,000 r or 
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more delivered to bone, 2 subsequently 
developed neoplasms of bone. Both bone 
tumors occurred in normal ribs included in 
the field of treatment. The tumors were 
atypical; one resembled a chondrosarcoma, 
the other an osteoblastoma. The latent 
periods were thirteen and two years, re- 
spectively. Both children had postirradia- 
tion scoliosis and hypoplasia of the ilium. 
One also developed an osteochondroma of 
the ilium. 


Jonathan Cohen, M.D. 
300 Longwood Avenue 
Boston 15, Massachusetts 
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CONGENITAL BIFID STERNUM WITH PARTIAL 
ECTOPIA CORDIS* 


By C. H. (JOSEPH) CHANG, M.D., and W. CLAYTON DAVIS, M.D. 


MAN, WEST VIRGINIA 


ARTIAL ectopia cordis with congenital 

bifid sternum is, according to the cur- 
rent literature, a difficult problem for 
surgical repair and reconstruction. Sabis- 
ton,” in 1958, reported his successful repair 
in a child two years of age. The purpose of 
this paper is to present the case report of a 
child operated upon in the fourth year of 
life, using the method of Sabiston, and to 
discuss the radiologic findings associated 
with this detect. 


REPORT OF A CASE 


W.V.1., a four year old white boy, had been 
noted to have absence of the sternum in the 
midline since birth. The mother had reported 
pulsations beneath the skin and the condition 
had been undiagnosed until a local physician re- 
ferred him for thoracic surgical evaluation. The 
child was the thirteenth of 14 pregnancies and 
there was no family history of any other known 
congenital deformities. The past medical his- 
tory was entirely negative except for short epi- 
sodes of upper respiratory infections and tonsil- 
litis. The physical findings were normal except 
for the anomaly of the chest. This showed a 
prominent V-shaped defect in the area ot the 
sternum. The two medial clavicular heads were 
separated by ¢.5 cm. when the patient was in a 
normal standing position. The xiphoid process 
was present and united. The edges of the de- 
formity were composed of two sternal bodies. 
Coughing produced marked bulging in the area 
of the detect, showing evidence of bilateral 
pulmonary herniation into the mediastinum. 
Pulsation of the heart and great vessels was 
easily detectable by both inspection and palpa- 
tion. No cardiac abnormalities were discovered. 
Examination of the skin over the defect showed 
a1.§ cm. circular area suggestive of a scar. The 
skin in this area seemed to be fibrous in quality. 
There was no drainage present and no past his- 
tory of any drainage. This area had been visible 
since birth according to the mother. Complete 
blood cell count was normal except for eosino- 


philia. Blood chemistries were within normal 
limits. Urinalysis was normal. Serology was 
nonreactive. Stools for ova and _ parasites 
showed a few ova of Trichuris trichiura. Elec- 
trocardiogram was normal. Chest roentgeno- 
grams (lig. 1, 4 and B) showed a wide separa- 
tion of the sternal ends of both clavicles and 
widening of the superior mediastinal shadow in 
the posteroanterior view. This finding was com- 
patible with a clinical diagnosis of bifid sternum 
with partial ectopia cordis. In the lateral view 
(Fig. 2, 4 and B) there was absence of the 
manubrial shadow and loss of convexity of the 
manubrio-sternal junction with concavity in 
the suprasternal region. Esophagram was with- 
in normal limits. 

On August 20, 1959 repair of the partial 
ectopia cordis and bifid sternum was performed 
under general endotracheal anesthesia. A mid- 
line incision was made, extending from 3 cm. 
below the thyroid cartilage down to the tip of 
the joined xiphoid process. Full flaps of skin 
and subcutaneous tissue were raised and the 
pericardium was visualized beneath these 
flaps. Skin flaps, subcutaneous tissue and then 
the muscle layers were reflected from the ribs. 
The pericardium was freed from the under 
surface of the unjoined sternal bodies. The peri- 
chondrium was freed anteriorly and posteriorly 
from the cartilages. A triangular wedge of the 
connected xiphoid was excised. Two temporary 
sutures were placed around the sternal bodies, 
and, when these were tied, they reduced the de- 
fect approximately one-half its greatest width. 
The first four costal cartilages on either side 
were then freed and exposed subperichondrially. 
Oblique incisions were made in each of these 
cartilages and circumferential sutures around 
the bifid sternal bodies completely approxi- 
mated the defect due to the relaxation afforded 
by the oblique division of the four superior 
costal cartilages. The posterior and anterior 
portions of sternal periosteum were approxi- 
mated. Circumferential sutures around the 
sternal bodies were tightly joined. There was no 
evidence of entrance into the pleural cavities. 


* From the Radiological and Surgical Services, Man Memorial Hespital, Man, West Virginia. 
+ Present address: Assistant Professor of Surgery, University of Pittsburgh School of Medicine, and Assistant Chief, Surgical 


Service, V. A. Hospital, Pittsburgh, Pennsylvania. 
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Kic. 1. (4) Preoperative roentgenogram of the chest showing wide separation of the sternal ends of the clav. 
icles (arrows) and widening of the superior mediastinal shadow. (B) Enlargement of the area of abnormal- 


ity shown in 4. 


The subcutaneous tissue and skin were approxi- 
mated. 

Motion pictures were made of the entire 
operative procedure and the immediate post- 
operative result showed a good functional and 
cosmetic repair of the preoperative detect. On 
the evening of operation, a 50 per cent right 
pneumothorax appeared, and this was com- 
pletely relieved by aspiration of air from the 
right pleural cavity. On the first postoperative 


day, a 30 per cent left pneumothorax was im- 
mediately relieved by thoracentesis. Following 
this, both lung fields remained clear and normal. 
The boy was given intensive preoperative and 
postoperative physical therapy and was dis- 
charged from the hospital on the seventh post- 
operative day, completely asymptomatic. One 
vear following operation, physical examination 
showed an adequate cosmetic and functional re- 
covery. Follow-up roentgenograms (hig. 3, 4 


Fic. 2. (4) Preoperative left lateral roentgenogram of the chest showing absence of the manubrial shadow 
and loss of convexity of the manubrio-sternal junction. There is a concavity in the suprasternal region 
(arrow). (B) Enlargement of the area of abnormality shown in 4. 
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ic. 3. (4) Postoperative posteroanterior roentgenogram of the chest showing approximation of 
the sternal ends of the clavicles (arrows). (B) Enlargement of area shown in A. 


and B, and 4) also showed approximation of the 
sternal ends of the clavicles. 


DISCUSSION 


EMBRYOLOGY 


In 1885 Madden,’ reporting a case of 


congenital fissure of the sternum, was the 
first to state that the condition was due to 
a failure of union of the two primitive 
cartilages from which the osseous sternum 
is formed. He remarked that this same im- 
perfection was quite frequently seen in 
hare-lip, often extending to the osseous 
structures beneath, such as the superior 
maxillary bone. Spina bifida and exstrophy 
of the bladder were felt by him to be other 
examples of the same type of failure of fetal 
development and nonunion in the mid- 
line. Hanson,* in discussing the ontogeny 
and phylogeny of the sternum in animals 
and man, added much to our understand- 
ing of congenital bifid sternum. He demon- 
strated that the sternum originates sepa- 
rately from the ribs as two longitudinal 
structures in the anterior thorax. The space 
between these two sternal bodies is present 
from the sixth to the ninth week embryo. 
The bands also fuse laterally with the costal 
cartilages. It is therefore apparent that in 
the rare instances of congenital bifid 
sternum there is a failure of this midline 
union. A defect results and through it the 
pericardium may herniate, being covered 


only by subcutaneous tissue and skin. This 
is the condition demonstrated in our pres- 
ent case. Gussow,” in 1946, first described 
the surgically unexplained scar-like de- 
pression in the midportion of the anterior 
chest wall. Since then this has been noted 
by other authors and was definitely present 
in our case. He remarked that this round 
scar-like depression suggests an anomaly of 
the sternum. 


Fig. 4. Postoperative left lateral 
roentgenogram of chest. 


a 
gh 
= 
d 
S- 
{- 
yn 
e 
be 
i 
fee 


ROENTGENOGRAPHIC FINDINGS 


Though Gussow? stated that the routine 
roentgenograms of the chest are not of 
much help in this anomaly, the frontal view 
of the chest is definitely of diagnostic 
value. 

Wide separation of the sternal ends of 
the clavicles and widening of the superior 
mediastinal shadow on the posteroanterior 
or anteroposterior roentgenograms of the 
chest are characteristic features of this 
anomaly (Fig. 1, and B). The manubrial 
shadow is absent. On the lateral roentgeno- 
gram there is seen a loss of the usual con- 
vexity of the manubrio-sternal junction 
and the presence of a concavity in the 
suprasternal region (Fig. 2,4 and B). 


SURGICAL CONSIDERATIONS 


In 1947, Burton! reported his experience 
in the surgical treatment of congenital bifid 
sternum with partial ectopia cordis. Both 
of his cases were treated by a block of 
cartilage which was removed from the 
costal margin and placed over the defect. 
The cosmetic results were only moderately 
good. In 1949, Maier and Bortone’ per- 
formed a primary surgical closure. A good 
result was obtained by a direct suture pro- 
cedure in a six week old infant. In a discus- 
sion of Maier and Bortone’s paper, Klas- 
sen‘ reported a similar case where an at- 
tempt at repair was unsuccessful. Longino 
and Jewett’ described a successful primary 
approximation of a bifid sternum in a six 
day old infant. It is noted that there is gen- 
eral agreement that whenever possible the 
preferred management should be direct 
operative closure in early infancy. Sabis- 
ton® first reported a logical method of re- 
pair of congenital bifid sternum with 
ectopia cordis in older children. The repair 
which he described was the one used in our 
case and to our knowledge from a review of 
the literature the only other case thus 
treated. Our cosmetic and functional re- 
sults were considered successful; this was 
also true in the case reported by Sabiston. 
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The operation was considered simple and 
effective. The sliding costal cartilage tech- 
nique offered no difficulty in the correction 
of the deformity. The present authors agree 
that with Sabiston’s technique there is no 
necessity for the use of tissue grafts or 
plastic materials in the repair of this 
malformation. 


SUMMARY 

1. A case of successful repair of con- 
genital bifid sternum with partial ectopia 
cordis in a four year old child has been pre- 
sented. This is the second successful case 
known to have been repaired by this 
method. 

2. Bifd sternum with partial ectopia 
cordis is a very rare anomaly, resulting 
from failure of union of the two primitive 
sternal bands. 

3. The characteristic roentgen findings 
are wide separation of the sternal ends of the 
clavicles and widening of the superior 
mediastinal shadow in the frontal view of 
the chest and loss of normal convexity at 
the manubrio-sternal junction in the lateral 
view. The manubrial shadow is absent. 

C. H. (Joseph) Chang, M.D. 


Man Memorial Hospital 
Man, West Virginia 
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CONGENITAL PARTIAL 


DEFECT OF THE PERI- 


CARDIUM ASSOCIATED WITH HERNIATION 
OF THE LEFT ATRIAL APPENDAGE* 


By C. H. (JOSEPH) CHANG, M.D.,+ and TED F. LEIGH, M.D. 
ATLANTA, GEORGIA 


ONGENITAL pericardial defect is a 

very rare anomaly, although Colum- 
bus’ described a case of pericardial defect 
as early as 1559. The first verified case of 
congenital absence of the pericardium was 
reported by Baillie! in 1793. 

In 1925, Moore and Shumacker' re- 
ported 64 recorded cases of periocardial de- 
fect. More recently Ellis, Leeds, and Him- 
melstein® compiled a total of 99 cases from 
the medical literature including 2 of their 
own. The present case report, together 
with a recent report of 5 such cases by 


Jones,'® a single case by Brea ef a/.,! and 2 


cases by Hering ef a/.,'' brings the total 
number to 108. 

Partial pericardial detect is less common 
than complete absence of the pericardium. 
In some instances when there is a partial 


defect, there may also be herniation of all 
or a portion of the heart, and this may lead 


to the patient’s death. 
Syncope and sudden death were re- 
ported in one case by Boxall* and in an- 


other by Sunderland and Wright-Smith;?* 


in these cases, incarceration and strangula- 
tion of the heart were caused by a hernial 
ring of the pericardium. In our present case, 
there was a herniation of the left atrial ap- 
pendage through a partial pericardial de- 
fect. Similar cases have been reported, one 
by Keith,'® one by Osgood and Spector,'’ 
and recently 2 by Hering ef a/." 

The purpose of this paper is to describe 
certain characteristic roentgenologic fea- 
tures of congenital pericardial deficiency 
with herniation of the left atrial appendage 
and aid in the differential diagnosis of this 
abnormal configuration of the cardiac sil- 
houette. 


REPORT OF A CASE 


R.E.H. was a six year old white male who 
was admitted to Emory University Hospital 
for evaluation of a cardiac murmur which had 
been heard by the patient’s pediatrician six 
months earlier. The patient had a history of 
easy fatiguability and occasional paleness. 
Physical examination revealed a Grade Iv 
murmur in the pulmonary area which was con- 
tinuous through systole and diastole. There 
was radiation of this murmur into both sides of 
the neck, the left shoulder and the back. There 
was no cyanosis or clubbing, and the patient 
was normally developed and nourished. The 
family history was noncontributory. 

Cardiac fluoroscopy and chest roentgeno- 
grams disclosed a heart of normal size. The 
pulmonary blood flow was slightly increased 
and the aortic knob was prominent—two find- 
ings which suggested the diagnosis of patent 
ductus arteriosus (Fig. 1, 4 and B). In addition 
to these findings, there was also noted a sharply 
defined prominence on the left heart border 
just caudad to the main pulmonary artery seg- 
ment, which showed active pulsations para- 
doxical to those in the aorta and pulmonary 
artery. 

At operation, a patent ductus arteriosus was 
identified, and this was incised and ligated. In 
addition, the prominence on the left cardiac 
border was found to be a herniation of the left 
atrial appendage through a pericardial foramen 
(Fig. 2). This defect was covered with a flap of 
mediastinal pleura. 

Postoperatively, the patient developed peri- 
carditis with effusion on the seventh day. This 
was treated with antibiotics, and repeated 
pericardicentesis. On the fourteenth postopera- 
tive day, he was discharged in good condition, 
and has remained well since. 


INCIDENCE 


Partial pericardial anomalous defects 
Pp 


* From the Department of Radiology, Emory University School of Medicine, Atlanta, Georgia. 


t Present address: Man Memorial Hospital, Man, West Virginia. 
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Fic. 
border just c 


in the aorta and pulmonary artery were seen during cardiac fluoroscopy. 


. (A) Posteroanterior chest roentgenogram shows a sharply defined and smooth prominence on the left 


caudad to the main pulmonary artery segment; active pulsations paradoxical to those 


The pulmonary flow appears 


slightly increased and the aortic knob is somewhat prominent. (B) Right anterior oblique roentgenogram 
of the chest also shows the smooth prominence just caudad to the main pulmonary artery segment. 


have been encountered most frequently on 
the left side. In 108 cases recorded in the 
literature, the anomaly was left sided in 
73 (67 per cent) and bilateral in 3. 

Complete or almost complete detects 
with common pericardial and left pleural 
cavities are more commonly seen. In 46 
cases reported by Southworth and Steven- 
son,” 34 (76 per cent) had a complete de- 
fect in the pericardium, and in the remain- 
ing cases there was partial absence of this 
structure, which gave the appearance of a 
foramen of varying size. 

The anomaly appears to be more fre- 
quent in males than in females, the ratio 
being approximately 3:1 

PATHOGENESIS 

Though the embryogenesis of pericardial 
defects in man is not settled, most authors 
are in agreement that they represent a 
failure of closure of the pleural pericardial 
foramen. 

Keith," and Rusby and Sellors® have 
suggested that herniation of an abnormal 
lung bud through the foramen might pre- 
vent its closure. Risel*! differed with these 
investigators and suggested as a cause an 


atresia of the pleural pericardial membrane 
with failure to join the lung roots. Mc- 
Garry'® believed that abnormal tension 
created by the rotation of the developing 
liver traumatized the pulmonary ridge from 
which the membrane develops. 

Perna!’ and Plaut®® proposed a vascular 
atrophy theory based on the hypothesis 
that premature atrophy of the left duct of 
Cuvier is causative in producing a de- 
ficiency of the blood supply to the pleural 
pericardial membrane. The latter theory 
has been generally accepted because it ac- 
counts best for the preponderance of peri- 
cardial defects on the left side. The possibil- 
ity that trauma may also play a part in the 
production of these defects is raised by 
Moore and Shumacker’s'’ recent case, in 
which there was a past history of a crushing 
injury to the chest in an automobile acci- 
dent when the patient was five years of age. 


ROENTGEN FINDINGS 


diagnosis of peri- 
Ellis, Leeds, 
Dahl* in 1937 


Th. first roentgen 
cardial defect was made by 
and Himmelstein® in 1968. 


inferred the presence of a communication 
between the pericardium and the left 


) 
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pleural space. Following an artificial pneu- 
mothorax for treatment of pulmonary 
tuberculosis in a man twenty years of age, 
a roentgenogram revealed a pneumoperi- 
cardium in addition to a left pneumothorax. 
Kerley” mentioned a case of congenital 
pericardial defect in which the diagnosis 
was implied after noting pneumoperi- 
cardium following a diagnostic pneumo- 
thorax on the right for investigation of a 
congenital lung cyst. Jones’? also observed 
accidentally a well marked pneumoperi- 
cardium following a right sided diagnostic 
pneumothorax for a mediastinal mass. 

There are several different types of 
roentgenologic examinations which can be 
performed in the investigation of pericar- 
dial defects. These will be discussed briefly. 

1. Routine Chest Examination. \n partial 
defects of the pericardium, the roentgen 
findings are variable, depending on whether 
or not there is associated herniation of the 
heart or lung. If there is a herniation of the 
heart or lung, the herniated part appears as 
a mass projecting from the cardiac border. 
Since the pericardial sac, in the frontal pro- 
jection, extends between the level of the 
third through the seventh ribs in their ante- 
rior aspect, the mass should be located 
within this level. The size and the shape of 
the herniated mass is dependent on the size 
of the foramen and the herniated part. 

In our case, the herniation is best shown 
in a slight right anterior-oblique view of 
the chest (Fig. 18). The roentgen findings 
in the cases reported by Hering ef a/.'' are 
identical to those of our case. In the case 
reported by Rusby and Sellors” the roent- 
gen findings are also similar but, in theirs, 
the mass was due to a lung cyst residing in 
the pericardial detect. Brea et a/.4 observed 
a smooth projection on the left just below 
the aortic arch. Case 9 of Jones'? had a 
right mediastinal mass due to the presence 
of a lung cyst associated with a pericardial 
defect. 

In those instances where there is a partial 
pericardial defect without an associated 
herniation, there is no demonstrable ab- 
normality in the cardiac silhouette. The 
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lic. 2. Photograph taken at operation indicates the 
rim of the partial pericardial defect (solid arrows) 
and the herniated left atrial appendage (broken 
arrows) through the pericardial defect. 


cases reported by Dahl’ and by Venturini 
and Pesci®* were of this type. 

In complete pericardial defect the roent- 
genographic characteristics are quite differ- 
ent and these are well described by Fllis, 
Leeds and Himmelstein.’ 

2. Diagnostic Pneumothorax. This is a 
most important diagnostic method of in- 
vestigation for a congenital pericardial de- 
fect; the demonstration of a pneumoperi- 
cardium following induction of an artificial 
pneumothorax is diagnostic. Several au- 
thors (Dahl,* Rusby and Sellors,”> Kerley,” 
and Jones) have reported the accidental 
demonstration of communications between 
the pericardial and the pleural space follow- 
ing the introduction of air into the pleural 
space. 

Ellis e¢ al.° have recommended, for left 
pericardial defects, a right posterior ob- 
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lique roentgenogram of the chest taken 
with the horizontal beam and the left side 
down, following introduction of 500 cc. of 
air into the left pleural space. The absence 
of a pneumopericardium following pneumo- 
thorax does not necessarily rule out the 
presence of a pericardial defect, since in 
some cases adhesions might prevent the 
accumulation of air in the pericardial sac. 

3. Cardiac Fluoroscopy. Fluoroscopy, 
especially with an image amplifier, may be 
helpful to differentiate from a mediastinal 
tumor; and observation of a paradoxical 
pulsation to those in the aorta and _ pul- 
monary artery might aid in establishing a 
diagnosis. Our case showed marked pulsa- 
tion of the mass, and it appeared to be ap- 
parently paradoxical to the contraction of 
the pulmonary artery and the aorta. Rusby 
and Sellors’* case also showed the mass to 
be pulsatile; however, it was distinct from 
the aorta. 

4. Angiocardiography. This procedure 
may help to rule out other cardiac abnor- 
malities and will give positive information 
concerning the anatomic location of the 
herniated part in the case of a_ partial 
pericardial defect. It will also permit a 
differential diagnosis between herniated 
heart and lung. Kjellberg, Mannheimer, 
Rudhe and Jonsson," in their textbook on 
congenital heart disease, reproduced an 
angiocardiogram showing herniation of the 
right ventricle through a large left peri- 
cardial defect in a six vear old girl who also 
had a patent ductus arteriosus. Recently, 
Hering et a/.'' diagnosed a congenital peri- 
cardial defect with herniation of the left 
atrial appendage preoperatively by angio- 
cardiographic study in a twenty-two year 
old sergeant of the United States Marine 
Corps. 


DISCUSSION 


A review of the literature indicates that 
in the human subject absence of the peri- 
cardium is without significance. Moore and 
Shumacker" carried out total or partial 
resection of the pericardium in 65 dogs and 
concluded that in none of these animals 
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was there any indication of impaired 
cardiac function or dilatation of the heart 
resulting from the procedure. 

The main hazard associated with con- 
genital partial pericardial defect appears to 
be herniation and incarceration of the heart 
through the pericardial foramen. In 2 
reported cases,*?’ syncope and death within 
hours occurred from incarceration and 
strangulation of the heart by the hernial 
ring of the pericardium. 

A complete absence of the pericardium 
causes no serious disturbance, and may 
produce variable cardiac murmurs and mild 
chronic chest symptoms. The two cases of 
Ellis, Leeds, and Himmelstein’ had unex- 
plained chest pain, possibly related to the 
pericardial defect. Superimposed pulmo- 
nary or pleural infection, however, will be 
dangerous. 

Other associated congenital anomalies 
are also reported in the literature. Kjell- 
berg, Mannheimer, Rudhe and Jonsson,!! 
Osgood and Spector,'* and our present case 
had patent ductus arteriosus. The case of 
Rusby and Sellors”* and ¢ cases of Jones” 
had bronchogenic cysts. Brea, Croxatto 
and De All‘ found an aberrant pulmonary 
lobe associated with pericardial defect. 
Moore and Shumacker’s!’ case had_ tri- 
cuspid insufficiency of unknown etiology. 
Ladd’s'’ case showed an associated large 
left diaphragmatic hernia. 

Patching of the partial pericardial defect 
with a flap of mediastinal pleura may pre- 
vent herniation of the heart and incarcera- 
tion by the herniated ring of the pericar- 
dium. The partial defect in our case was 
covered with a flap of mediastinal pleura. 
Though, postoperatively, this patient de- 
veloped pericarditis with effusion, he was 
treated satisfactorily with antibiotics and 
pericardicentesis. Wide resection of that 
portion of the pericardium could also pre- 
vent herniation and may eliminate im- 
mediate postoperative complications. 

In addition to the congenital pericardial 
defect, the acquired herniation as a sequela 
to intrapericardial surgery, is frequently 
encountered. 
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SUMMARY 


A case of congenital partial pericardial 
detect associated with herniation of the 
left atrial appendage is presented. This pa- 
tient also had a patent ductus arteriosus. 

The literature pertaining to this ab- 
normality is reviewed, and_ incidence, 
pathogenesis and roentgen findings are dis- 
cussed. 

Congenital absence of the pericardium is 
arare anomaly. In the majority of reported 
cases, It was found on the left side (67 per 
cent). Three cases having defects on both 
sides are reported in the literature. The 
anomaly is more frequent in males than in 
females, the ratio being approximately 3:1. 

The roentgen findings in this anomaly 
show certain characteristics. On the rou- 
tine chest roentgenogram, an abnormal 
cardiac configuration is seen, there being a 
smooth projection from the left cardiac 
border just caudad to the main pulmonary 
artery segment. On fluoroscopic examina- 
tion pulsations are noted in the mass, which 
appear to be paradoxical to those of the 
pulmonary artery and aorta. The demon- 
stration of pneumopericardium following 
induction of artificial pneumothorax is 
diagnostic. Angiocardiographic studies are 
helpful in determining the anatomic site of 
the herniation through the pericardial de- 
fect. 

Repair of the pericardial foramen with 
mediastinal pleura may prevent herniation 
and incarceration of the heart. It is pos- 
sible, however, that wide resection of that 
portion of the pericardium may also pre- 
vent incarceration and strangulation of the 
heart. 

C. H. (Joseph) Chang, M.D. 


Man Memorial Hospital 
Man, West Virginia 
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ROENTGENOGRAPHIC FEATURES OF ASPLENIA, 
A TERATOLOGIC SYNDROME OF 
VISCERAL SYMMETRY* 


By WILLIAM J. FORDE, M.B., and NATHANIEL FINBY, M.D.t 


NEW YORK, NEW YORK 


ONGENITAL absence of the spleen is 
often part of a syndrome of congenital 
anomalies consisting of malformations of 
the heart, partial situs inversus, symmetric 
lobulation of the liver and the lungs, 
anomalies of arteries and veins and _ per- 
sistence of the dorsal mesentery to the duo- 
denum and colon.!":*:"4- This is a rare syn- 
drome, but has been reported in the medi- 
cal literature with increasing frequency in 
recent 
Putschar and Manion" reviewed the 
literature in 1956 and noted that 78 cases of 
congenital absence of the spleen had been 
reported; of these 29 cases were associated 
with malformations of the heart and partial 
situs inversus, and 20 cases were associated 
with cardiac malformations without situs 
inversus. Polhemus and Schater'™ in 1959 
were the first to point out that such congen- 
ital anomalies and absence of the spleen 
have a relationship. An excellent mono- 
graph was written by Ivemark!® in 1955 in 
which he collected the cases in the liter- 
ature trom the first case of Martin (1826) 
and added 14 cases of his own. Ivemark!" 
noted that congenital asplenia was found 
only 12 times in 7,032 necropsies at the 
Boston Children’s Hospital; associated 
anomalies of the heart and great vessels 
were present in 11 of these instances. He 
suggested that the syndrome of asplenia 
associated with malformations should be 
termed “‘asplenia, a teratologic syndrome 
of visceral symmetry.” He postulated that 
the basic lesion of the heart occurred during 
organogenesis when the spleen should have 
been in its early formative stage of develop- 
ment. 


* From the Department of Radiology, The New York Hospital 
+ Director of Radiology, St. Luke’s Hospital, New York, New York. 
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EMBRYOLOGIC CONSIDERATIONS 


To better understand this syndrome, it 
is pertinent to briefly review the embry- 
ology of the spleen. By the 14 mm. (six 
weeks) stage the spleen can be identified as 
projection from the mesogastrium be- 
tween the pancreas and stomach.*'? The 
splenic anlage first appears as a meso- 
dermal condensation in the dorsal meso 
gastrium. From this mesogastrium several 
splenic anlagen differentiate. The fusion of 
these splenic aggregates usually forms a 
single normal spleen. 

Embryologically, the association of the 
anomalies can be related to the develop- 
mental arrest and malformation initiated 
during the fifth to seventh week of gesta- 
tion.'"'4 At this time the splenic primordia 
develop as noted, the heart separates in- 
completely into two chambers, the defini- 
tive pulmonary lobes are forming and the 
intestine, previously freely movable within 
the scope of its restraining mesentery, be- 
gins its definitive rotation and_ attach- 
ment.”:'! Ivemark!” postulates that the ad- 
verse causes which may be responsible for 
dystrophy of the splenic primordium like- 
wise affect the heart and other organs at 
this early stage. A tendency towards vis- 
ceral symmetry as noted in this symdrome 
and the absence of the spleen, the only uni- 
lateral mesenchymal organ of the body, 
was emphasized by Putschar and Manion," 
who consider the disturbance to be funda- 
mentally a deviation from the normal de- 
velopment of right and left alaterality, re- 
sulting usually in various degrees of bi- 
lateral right sidedness. The frequent find- 
ing of persistent truncus arteriosus, trans- 


Cornel! Medical Center, New York, New York. 
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position of the great arteries, pulmonary 
atresia or stenosis, various anomalies of the 
atrioventricular canal, especially complete 
common atrioventricular canal and cor bi- 
loculare, has led to the consideration that 
the cardiac manifestations represent ab- 
normal septation of the conotruncus and 
abnormal division of the atrioventricular 
canal. 

Approximately 100 cases of this syn- 
drome have now been described.'* Congen- 
ital absence of the spleen is a rare anomaly 
which, in adults, is usually discovered un- 
expectedly at operation or necropsy. Most 
cases are seen in young subjects because 
associated developmental abnormalities are 
apt to shorten life. The most frequent of 
these are cardiac malformations and _ par- 
tial situs inversus of the abdominal organs. 
These were present separately or together 
in 49 of the 79 cases reviewed by Putschar 
and Manion.’ Because of the serious and 
complex nature of the cardiac malforma- 
tions associated with asplenia, only 4 of 
these 79 patients lived three or more years. 
The majority of the patients were males. 


William J. Forde and Nathaniel Finby 
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In the vast majority of reported cases the 
diagnosis was made at autopsy. 


MATERIAL 


Five patients with complete absence of 
the spleen have been autopsied at The 
New York Hospital. These are tabulated 
in Table 1 and reported below. 

The cardiovascular findings are of par- 
ticular interest. All 5 patients had cyanotic 
heart disease due to cor biloculare. Asso- 
ciated cardiovascular abnormalities in- 
cluded a right sided aortic arch, a bilateral 
superior vena cava, partial situs inversus, 
pulmonary stenosis and atresia and 
anomaly of brachiocephalic vessels. 

One patient had symmetric lobation of 
the liver and another a centrally placed 
liver. Three patients showed abnormal 
lobation of the lungs. 

Partial situs inversus was present in 3 of 
the 5 patients, confirming the statements 
S14 that a partial situs inversus of the 
abdominal viscera in a patient with cyano- 
tic heart disease and the hematologic ab- 
normalities of asplenia indicate that the 
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FINDINGS IN § CASES OF ASPLENIA AUTOPSIED AT THE NEW YORK HOSPITAL 


Case No. 


Clinical Data 


I. White male, aged 4 yr. 
Cyanosis, congestive failure 
and repeated infections 

II. White female, aged 3 mo. 

Cyanosis and congestive 

failure 


White female, aged 21 yr. Cor 
Cyanotic since birth, re- 
peated infections and con- cava 
gestive heart failure 
IV. Negro female, aged 2 mo. Cor 


Cyanosis and dyspnea 


V. White male, aged 2 da. 
Cyanosis 


Cardiovascular Kindings 


Cor biloculare; anomalous 
gin of brachiocephalic vessels 


Cor biloculare; pulmonary 
stenosis; bilateral superior 
vena cava; right aortic arch 


biloculare; 
arch; bilateral superior vena 


biloculare; 
arch; dextrocardia 


Cor biloculare; atresia of pul- 
monary ostium; patent 


Other Autopsy indings 


Malrotation of colon; abnormal 
lung lobation; absent spleen 


Dextroposition of stomach; mal- 
rotation of cecum; symmetric 
lobation of lungs; absent 
spleen 

aortic Centrally placed liver; partial 

right 

stomach; absent spleen 


right 


situs inversus; sided 


Incomplete situs inversus; 
bilaterally symmetric liver; 


right aortic 


right sided stomach; absent 


spleen 


Symmetric lobation of lungs; 
absent spleen 


ductus arteriosus 
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heart lesion is of the cor biloculare type. 
Angiocardiographic studies were performed 
in 2 patients and showed abnormality com- 
patible with situs inversus plus dextroposi- 
tion of the aorta in Case 1 and a left supe- 
rior vena cava in Case II. 

It is of interest to note that there were 
also 2 cases of hyposplenia in the autopsy 
files of The New York Hospital. One was 
associated with anomalies in the cardio- 
vascular system; namely, defects in the 
interatrial and interventricular septa, right 
sided aortic arch and anomalous pulmo- 
nary veins. The other patient had a coarc- 
tation of the aorta of the infantile type and 
a patent foramen ovale. In_ addition, 
Brandt and Liebow? noted that similar but 
less complex anomalies may be found in 
polysplenia, 

REPORT OF CASES 

Case 1. This male infant was seen at The 
New York Hospital on March 20, 1955 at the 
age of three months because of dyspnea and 
cyanosis. He was the product of a full term 
normal delivery and the mother’s prenatal 
course was uneventful. He had been essentially 
well until the onset of an upper respiratory in- 
fection two days before admission. 

He was noted to be acutely ill and had rapid, 
irregular respirations. The heart was enlarged 
almost to the anterior axillary line, a precordial 
bulge was noted and a thrill was felt to the left 
of the sternum. There was a systolic murmur, 
maximum in the third left interspace. He was 
digitalized and given antibiotics and oxygen. 
Angiocardiography was performed on April 12, 
1955 and showed a single large atrium and a 
large ventricle with dextroposition of the aorta 
(Kig. 1). He showed satisfactory response to 
therapy and was discharged on April 29, 1956. 

After discharge the patient had repeated 
bouts of upper respiratory infection and gained 
weight slowly. Development was somewhat re- 
tarded. 

Laboratory studies on January 24, 1956 
showed the blood hemoglobin to be 10.5 gm. 
per cent; white blood cell count 28,000 with 68 
per cent lymphocytes, | per cent monocytes, 2 
per cent basophils, and 29 per cent poly- 
morphonuclear leukocytes. Blood smear showed 
hypochromia, target cells, polychromatic cells 
and spherocytes. An electrocardiogram was in- 
dicative of right ventricular hypertrophy. 
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Kic. 1. Case 1. Frontal angiocardiogram showing a 
single large atrium and a single large ventricle with 
simultaneous filling of the pulmonary arterial cir- 
culation and a dextroposed aorta. 


On January 26, 1956 pneumoperitoneum 
(Kig. 2) and laminagraphy of the abdomen con- 
firmed the clinical suspicion of an absent spleen. 
On February 19,1956 he developed a left otitis 
media and thereafter he continued to have re- 
current ear infections. Cardiac catheterization 
was carried out on March 22, 1956 and showed 
a 75 mm. Hg pressure gradient from right 
ventricle to pulmonary artery. The “right” 
ventricular systolic pressure was identical to 
the brachial artery systolic pressure. The 
catheter entered a superior right pulmonary 
vein from the “right” atrium. 

Chest roentgenograms showed a large heart 
shadow which increased size between 
January 23, 1956 (Fig. 34) and October tc, 
1957 (Kig. 3B). Upward tilting of the apex, a 
right sided aortic arch, a concave pulmonary 
artery segment, diminished pulmonary vascu- 
larity, symmetry of the major bronchi and a 
bifid right fourth rib were also demonstrated. 

He subsequently had three hospital admis- 
sions for pneumonia and died on October 9, 
1959. Autopsy specimens showed cor biloculare 
(failure of the interauricular and interventricu- 
lar septa to develop). The heart and lungs to- 
gether weighed 585 gm. (normal weight 225 
gm.). The superior and inferior vena cava and 
the pulmonary veins entered a common auricle 
which was dilated and hypertrophied. A right 
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auricular appendage was present anterolaterally 
and a left auricular appendage was present 
posteriorly. A wide muscular band extended 
from the right lateral wall of the auricle to the 
posterior base of the valve between the auricle 
and ventricle (lig. 4.7). The valve was 12 cm. 
in circumference and had three thickened leaf- 
lets with thickened cordae tendinae. The 
medial leaflets had three poorly defined divi- 
sions. The wall of the dilated common ven- 
tricle was hypertrophied and the endocardial 
surtace was thickened. A common outflow tract 
led to the aorta anteriorly and the pulmonary 
artery posteriorly (Fig. 4B). The aortic valve 
was 4.5 cm. in circumference and the sinuses of 
Valsalva were dilated. The pulmonary artery 
was 2.5 cm. in circumference. 

There was anomalous origin of the vessels 
arising from the aortic arch. A right subclavian 
tion after pneumoperitoneum showing a normal and right carotid 
diaphragm and no evidence of splenic shadow. the right side of the aortic arch and an innomi- 
This was confirmed by multiple projections and nate artery from the left side. There was ab- 
laminagraphy. normal lobation of the lungs. In the left lung 


Fic. 2. Case 1. Angiocardiogram in the upright posi- 


Fic. 3. Case 1. Teleroentgenograms of the chest. (4) Examination on January 23, 1956 showing enlargement 
of the cardiac shadow, upward tilting of the apex, concavity of the pulmonary artery segment and hypo- 
vascularity of the lung fields. There is a congenital anomaly of the anterior aspect of the right fourth rib 

a and a right aortic knob. (B) Examination on October to, 1957 showing increase in the size of the cardiac 
oe shadow. There is symmetry of the right and left bronchial tree. 
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three secondary bronchi and three main lobes 
were present. A small lobe was attached to the 
left apex and two extra lobes adjoined the left 
lower lobe. In the right lung, a small lobe was 
attached to the right apex and an extra lobe ad- 
joined the right lower lobe. 

' The spleen was absent. There was acute and 
chronic bronchitis with bronchiectasis and 
emphysema. There also was incomplete rota- 
tion of the large bowel (cecum mobile). The 
cecum lay on the left side and the entire large 
bowel was free in the abdominal cavity; its 
mesentery was attached to the posterior ab- 
dominal wall in the midline. 


Case ut. This three month old white girl was 
the product of a normal full term delivery fol- 
lowing an uneventful antenatal course. She was 


Fic. 4. Case 1. Autopsy specimens showing cor biloc- 
ulare. (4) A common auricle and a common ven- 
tricle are clearly seen. Note the muscular band ex- 
tending from the right lateral wall of the auricle to 
the posterior base of the valve between the auricle 
and ventricle. (8B) The pulmonary artery and 
aorta arise from a common ventricular outflow 
tract. 


Kic. 5. Case u. Teleroentgenogram of a three month 
old female showimg an enlarged heart shadow, a 
widened superior mediastinum, clear lung fields 
and a right sided stomach. 


noted to have intermittent cyanotic attacks 
and a heart murmur and was admitted for 
study. 

A chest roentgenogram (Fig. 5) showed a 
large heart with a wide superior mediastinum. 
A straight left border of the mediastinal shadow 
indicated a bilateral superior vena cava. Lung 
fields showed diminished vascularity. The 
right sided stomach shadow indicated partial 
situs inversus. 

Physical examination disclosed a well de- 
veloped cyanotic white infant. There was 
tachycardia and a systolic high pitched mur- 
mur loudest in the second and third intercostal 
space over the sternum. No thrill was felt. The 
abdomen was soft and slightly protuberant 
with the liver edge 2 cm. below the right costal 
margin. 

Laboratory studies showed a blood hemo- 
globin of 16 gm. per cent; the white blood cell 
count was 12,800 with $1 per cent lymphocytes, 
8 per cent monocytes and 41 per cent poly- 
morphonuclear leukocytes. An electrocardio- 
gram showed left axis deviation and left ven- 
tricular hypertrophy. 

Her cyanotic attacks increased in frequency 
and severity with gradual deterioration. She 
died at three months of age. 

Autopsy revealed a bilocular heart with in- 
complete partitioning of the atria, a single 
ventricle, a common atrioventricular canal, 
pulmonic stenosis, bilateral superior vena cava 
and a right aortic arch (Fig. 6 4). 

The heart was moderately enlarged. A right 
superior vena cava and the inferior vena cava 
entered the right portion of the atrium. The 
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Fic. 6. Case u. Autopsy specimens showing 
cor biloculare. (4) Anterior view of exposed 
chest and upper abdomen. Note the en- 
larged heart, large anterior aorta with a 
right aortic arch, small pulmonary arteries, 
left sided innominate artery and a left su- 
perior vena cava. The spleen was absent. 


(B) Heart opened to show incomplete septation of the atria and a large, hypertrophied single 
ventricle. There is a common atrioventricular valve with four leaflets. 


pulmonary veins and a left superior vena cava 
entered the left portion of the atrium. A 1 cm. 
defect, apparently representing the ostium 
secundum was evident in the upper portion of 
the interatrial septum; the inferior portion was 
absent. A common atrioventricular valve with 
4 leaflets was present. There was no inter- 
ventricular septum, but a large leaflet of the 
atrioventricular valve divided the ventricle into 
2 chambers (Fig. 6 B). One chamber communi- 
cated with the atrium; the other communicated 
with the pulmonary artery and aorta. 

The pulmonic valve was stenotic and had 
two thick small cusps. The aorta was of normal 
caliber, anterior and to the left of the pulmo- 
nary artery. There was a right aortic arch. The 
innominate artery passed to the left side of the 
neck, and the right common carotid and sub- 
clavian arteries orginated as separate trunks 
from the arch of the aorta. 

Absence of the spleen and dextroposition of 
the stomach were noted. The entire colon was 
in the left lower abdomen. There was sym- 
metric lobation of the lungs; each had three 
lobes. 


Case ut. This female was first admitted at 
the age of twenty on January 19, 1950 witha 
history of heart trouble all her lite beginning 
with dyspnea and a heart murmur in infancy. 
She was first noted to be cyanotic at the age of 
one week. She had been subject to bronchitis 
and repeated episodes of pneumonia. 

She developed a severe pneumonia four years 
prior to admission and was hospitalized at an- 
other hospital. At that time she had _ severe 
shortness of breath and ankle swelling. She was 
digitalized and subsequently was able to con- 
tinue normal activity until six months before 
her admission when she again noted increasing 
shortness of breath and ankle edema. 

kxamination showed a well developed woman 
with cyanotic lips. The apex cardiac impulse 
was in the fifth intercostal space in the left an- 
terior axillary line. There was a systolic thrill, 
maximal over the sternum. Auscultation re- 
vealed a rough and loud systolic murmur over 
the entire precordium, loudest in the left para- 
sternal area. A soft and blowing diastolic mur- 
mur was audible over the precordium, best 
heard along the sternal border. There was nor- 
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mal sinus rhythm. She had marked clubbing of 
her fingers and toes with cyanotic nailbeds. 

Laboratory studies showed a blood hemo- 
globin of 25.5 gm. per cent and a red blood cell 
count of 7.5 million. Hematocrit was 72 per 
cent, and the white blood cell count was 9,600 
with a normal differential. An electrocardio- 
gram showed a bundle branch block. 

A roentgenogram of the upper abdomen 
(lig. 7) disclosed dextroposition of the stomach 
with partial transposition of the liver. A chest 
roentgenogram (ig. 8) showed an enlarged 
heart and normal pulmonary vascularity. 
Angiocardiograms (lig. 9, 4 and B) revealed a 
left superior vena cava and a large posterior 
atrium and ventricle. There was simultaneous 
filling of a right aortic arch and the pulmonary 
artery. Cardiac catheterization showed a right 
superior vena cava and no distinction between 
the right and left atrium. There was “right” 
ventricular hypertension. 

She did well for two months following dis- 
charge but then was re-admitted because of 
respiratory distress and fever of unknown 
origin. She died on September 22, 1950. 

Autopsy showed multiple congenital anom- 
alies. Cor biloculare with a common outflow 
chamber, dextroposition of the aorta, and a 
persistent left superior vena cava were present. 


Fic. 7. Case 11. A roentgenogram of the lower chest 
and upper abdomen after barium ingestion show- 
ing a right sided stomach and a centrally placed 
small intestine. Note the central position of the 
liver and the left dorsal scoliosis. 


Fic. 8. Case ut. Teleroentgenogram of the chest 
shows an enlarged heart shadow. The superior 
mediastinum is narrow with straight borders. The 
lung vascularity is within normal limits. 


A single large auricle had a small rudimentary 
septum hanging from the middle of its anterior 
wall. Four pulmonary veins emptied into the 
right side of the auricle, while the inferior vena 
cava and the two superior venae cavae entered 
the left side of the chamber. There were two 
openings leading from the auricle: a well formed 
tricuspid valve led into a large ventricle, the 
wall of which was 10 mm. thick. A small slot- 
like opening at the left inferior position of the 
auricle suggesting a rudimentary mitral valve 
but devoid of any cusps led into a small out- 
flow chamber situated in the left upper aspect 
of the heart. The large ventricle also communi- 
cated with the outflow chamber through a cusp- 
less opening situated medially behind the tri- 
cuspid valve. Both the aorta and the pulmo- 
nary artery originated from this outflow cham- 
ber, the aorta anterior to the small pulmonary 
artery. The pulmonic valve was bicuspid. The 
aorta had a right sided arch, but was otherwise 
normal except for moderate atheromatosis. The 
two coronary arteries arose side by side from 
the posterior sinus of Valsalva. 

There was partial situs inversus. The liver 
was located centrally in the upper abdomen. 
The esophagus traversed the right side of the 
diaphragm and the stomach was on the right 
side with the duodenum on the left. The spleen 
was absent. 
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lic. g. Case 11. (4 and B) Angiocardiograms in frontal and lateral projections showing a left superior vena 
cava. There is a large posterior atrium and a large ventricle (cor biloculare). A right aortic arch and the 


pulmonary artery opacified simultaneously. 


Case iv. This two month old Negro female 
was admitted on December 17, 1949 because of 
dyspnea and cyanosis. She was born on Octo- 
ber 11, 1949 at another hospital and was the 6 
pound 11 ounce product of a full term spon- 
taneous delivery. There were no complications 
during either pregnancy or delivery. The 
mother was told of no abnormality in the child 
at the time of discharge. 

At about the age of three weeks the baby was 
examined by her physican and was said to have 
a heart murmur. The baby’s lips were some- 
times blue, especially when crying. When two 
months old the infant developed a ‘‘cold”’ with 
heavy breathing and an occasional cough. 
Breathing was rapid and the infant seemed 
very restless, with several episodes of vomiting. 

Examination on admission showed a well 
developed and well nourished acutely ill in- 
fant with dyspnea and flaring alae nasi. The 
lips, nails and mucous membranes were cya- 
notic. The lungs were clear to percussion and 
auscultation. There was a thrill over the right 
parasternal area in the third and fourth inter- 
spaces. There was a loud harsh systolic murmur 
in the second to fourth intercostal spaces, 
transmitted over the whole precordium into the 
neck and the right axilla. The liver edge was 3 
cm. below the right costal margin, extending 


across to the left axillary line, and_ slightly 
further below the costal margin on the left. The 
fingers and toes were cyanotic and clubbed. 

Laboratory studies showed a blood hemo- 
globin of 17 gm. per cent; a red blood cell count of 
§,,300,000; and a white blood cell of g,ooo. An 
electrocardiogram showed right axis deviation 
and tracings compatible with a true dextro- 
cardia. 

A roentgenogram of the chest and abdomen 
(ig. 10) revealed a large heart which nearly 
filled the thoracic cavity. The liver was bi- 
laterally symmetric, lying transversely across 
the entire upper half of the abdomen. Kluoros- 
copy showed dextrocardia and dextroposition 
of the stomach. 

She was placed in an oxygen tent and treated 
with penicillin and digitalization. She showed 
no improvement and expired on the third day. 

Autopsy showed multiple congenital anom- 
alies with incomplete situs inversus. There 
was true dextroposition of the heart and aorta, 
and the stomach, duodenum and pancreas lay 
on the right side of the peritoneal cavity in the 
mirror image of their normal positions. The left 
lobe of the liver was unusually large but the 
gallbladder lay to the right side of the midline. 
The cecum and sigmoid were in normal posi- 
tion. 
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There was cor biloculare: the heart was 
hugely dilated and filled almost the entire 
thoracic cavity. It had two chambers with a 
large single auricle and single ventricle. The 
pulmonary veins and both venae cavae entered 
the large atrium in approximately normal posi- 
tion; the aorta and pulmonary artery both 
arose from the single ventricle. The coronary 
arteries and the branches of the aortic arch were 
in normal position. The valve between the two 
chambers appeared to have four cusps. The 
ductus arteriosus was completely closed. Histo- 
logically, the myocardium was normal, but 
there was congestion of liver and lungs. No 
trace of splenic tissue could be identified. 


Case v. This male infant was born of an un- 
complicated pregnancy on November 2, 1944. 
Cyanosis was first noted when he was three and 
one-half hours old and he was given oxygen 
without significant improvement. Physical 
examination revealed extreme cyanosis and 
severe dyspnea. There was slight dullness and 
diminution of breath sounds in the left upper 
lobe. The heart rate was rapid and a murmur 
was not detected. 

I‘luoroscopy of the chest revealed that the 
heart was moderately enlarged and globular. 
The lungs were clear. An electrocardiogram re- 
vealed left axis deviation. Laboratory studies 
showed a hemoglobin of 18.5 gm. per cent; a 
s.o million red blood cell count; and a white 
blood cell count of 22,700. There were 60 nor- 
moblasts per 100 white blood cells. 

The baby expired on his second day of life 
and autopsy showed multiple congenital anom- 
alies. There was cor biloculare with an in- 
complete fibrous septum between the right and 
left auricles. The part of the common chamber 
corresponding to the left auricle was about one- 
third the size of the right. There was no inter- 
ventricular septum. Only one valve separated 
the auricle and ventricle and this had two 
cusps. A single large papillary muscle arose in 
the left posterior wall of the ventricle and was 
inserted at the base of the aorta. The ventricle 
emptied into the aorta, which was wider than 
normal. There were three normal aortic cusps 
and the coronary artery orifices were normally 
situated. The pulmonary artery was to the left 
and behind the aorta. Its proximal portion was 
atretic; distally the lumen was much smaller 
than that of the aorta. The ductus arteriosus 
was patent. There were only two arteries 
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lic. 10. Case 1v. A roentgenogram of the chest and 
abdomen in a two month old female with asplenia 
and cor biloculare. There is an enlarged heart with 
dextrocardia. Note the symmetric liver shadow 
across the upper abdomen. 


originating in the aortic arch, except for the 
ductus arteriosus. There were three lobes in 
each lung and congenital absence of the spleen. 


CLINICAL FINDINGS 


The first 2 cases of this syndrome to be 
diagnosed clinically were reported in 1952.° 
The diagnosis was made because of Heinz 
bodies in the erythrocytes of the peripheral 
blood in cyanotic infants. Bush and Ainger* 
point out that Heinz bodies are not found 
invariably in asplenia. However, there may 
be hematologic abnormalities similar to 
those found after splenectomy: target cells, 
decreased osmotic fragility, Howell-Jolly 
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bodies, transient normoblastemia, sidero- 
cytosis and leukocytosis. Thus, the blood pic- 
ture in splenic agenesis is sufficiently spe- 
cific to permit the antemortem diagnosis 
even in the absence of associated anomalies.! 

The prognosis in this syndrome is ex- 
tremely poor.':!°!5 A severe anomaly of 
the heart and great vessels may be pre- 
dicted and it may be expected that the 
benefit from surgical correction will be 
limited.! The awareness of agenesis of the 
spleen is valuable to the cardiovascular 
surgeon, since the cardiac anomalies often 
follow a predictable pattern. Aguilar ef a/.! 
reviewed 27 cases of splenic agenesis re- 
ported in the literature in addition to 3 of 
their own cases and were able to show a 
characteristic association of multiple con- 
genital anomalies: (a) septal detects par- 
ticularly atrioventricularis communis; (b) 
anomalous venous return to the heart; (c) 
pulmonary stenosis or atresia; (d) transpo- 
sition of the great vessels; (e) accessory 
lobes of the lungs; (f) partial situs inversus 
of the abdominal viscera; and (g) abnormal 
mesenteric attachments. 

Thus, all patients with undiagnosed 
cyanotic heart disease of infancy should 
have appropiate hematologic studies.*” 
Abnormalities of the peripheral blood in- 
dicative of absence of the spleen are highly 
suggestive of the complete syndrome being 
present. Should a partial situs inversus of 
the abdominal viscera or symmetry of the 
liver or bronchial tree be evident with the 
hematologic abnormalities, the associated 
congenital heart disease is likely to be cor 
biloculare or a related 
Less frequently, there will also be abnor- 
malities of the great vessels. Definitive 
diagnosis can be aided by roentgenographic 
studies including angiocardiography and 
gastrointestinal series. 

Splenectomy in the infant before the age 
of six months is a more hazardous proce- 
dure from the standpoint of susceptibility 
to infection than in older children.'*"" Seri- 
ous infections in cyanotic infants, even 
without other evidence of heart disease, 
should suggest coexistent asplenia." 
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ROENTGEN FINDINGS 

By definition, the spleen is absent in all 
cases.!! Absence of the splenic contour can 
be difficult to evaluate as the splenic 
shadow may not be seen in many normal 
subjects. Brogdon and Crow* noted that 
the lower pole of the spleen may be visual- 
ized on the anteroposterior roentgenogram 
of the abdomen in 44.4 per cent of adults. 
They feel that nonvisualization is not to be 
regarded as significant. In our Case 1, 
pneumoperitoneum and laminagraphy were 
utilized to document asplenia. 

The liver, in this syndrome, is often 
transposed to the midline or left side of the 
abdomen with the larger lobe in the left 
upper quadrant. Ivemark!’ found that the 
liver was transposed to the left side in 17 of 
the 69 cases he studied. The liver is fre- 
quently symmetric, the left lobe equal to 
the right in size. This was noted in 31 per 
cent of the 69g cases of Ivemark.'’ The 
stomach was transposed to the right upper 
quadrant in 33 of these cases. Incomplete 
rotation of the bowel is not uncom- 

Abnormal lobation of the lungs ts fre- 
quent in this syndrome. It was evident in 
46 of Ivemark’s cases. Most commonly, 
there is symmetric lobation, the lungs being 
mirror images of each other, with three 
more or less complete lobes in each Jung.*""" 

The most frequent anomalies in the 
cardiovascular system are dextrocardia, 
right aortic arch, anomalies of the atrio- 
ventricular region, septal defects, anoma- 
lous connections of pulmonary veins and 
anomalous connection of systemic veins. 
These may be manifest on routine roent- 
genograms of the chest. Decreased pulmo- 
nary blood fow may also be evident. 

Angiocardiography will allow visualiza- 
tion of cardiac chambers and document the 
size and position of the great vessels, 
anomalous shunting of the blood stream 
and anomalous venous return to the heart.’ 
Cases of agenesis of the spleen with pulmo- 
nary stenosis or atresia with or without 
transposition of the great arteries may 
mimic an uncomplicated tetralogy of Fal- 
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lot.'° The angiocardiographic findings of 
cor biloculare are often difficult to inter- 
pret. The visualization of a single atrium 
and a single ventricle on intravenous 
angiocardiography is compatible with cor 
biloculare, but other chambers or large 
septal defects can often not be excluded 
with certainty. Undoubtedly, selective 
angiocardiography is preferable in these 
patients. 


SUMMARY 


1. Five new cases of asplenia associated 
with other anomalies are presented with 
clinical, roentgenographic and autopsy 
data. 

2. The frequency of partial situs inver- 
sus, tendency towards symmetry of lung 
and liver, and the absence of central septa 
of the heart (cor biloculare) in association 
with congenital absence of the spleen con- 
firm the value of Ivemark’s term: “‘as- 
plenia, a teratologic syndrome of visceral 
symmetry.” 

3. Routine roentgenographic studies are 
valuable in diagnosis. Partial situs inversus, 
congenital cyanotic heart disease, sym- 
metry of the bronchial tree and a centrally 
placed liver should suggest the syndrome. 
Special studies such as angiocardiography 
and pneumoperitoneum are presented for 
their value in antemortem diagnosis. 


Nathaniel Finby, M.D. 
St. Luke’s Hospital 

421 W. 113 Street 

New York 25, New York 
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EPIDERMOID CYSTS OF THE SPLEEN IN CHILDREN* 


By R. PARKER ALLEN, M.D., and VIRGIL R. CONDON, M.D. 
DENVER, COLORADO 


PIDERMOID cysts of the spleen are 

rare. They are large fluid-filled masses 
with a lining of squamous epithelium and 
are thought to result from developmental 
rests. The diagnosis may be suspected when 
gross splenomegaly is encountered in a 
well child. Roentgen findings include a left 
upper quadrant mass and displacement or 
compression of the left kidney. Three cases 
are presented in which these effects upon 
the kidney are demonstrated. 

REVIEW OF THE LITERATURE 

Incidence. Andral, in 1829, wrote the 
first report of a splenic cyst. By 1956 
Posener and Litherland® were able to col- 
lect 211 splenic cysts of all types from the 
literature. One of the earliest reports of 
epidermoid cysts was made by Shawan!® in 
1933. He had 1 case and collected 3 others. 
Bell,! in 1953, found 11 epidermoid cysts 
in a total of 188 cysts of the spleen which 
he reviewed. There are numerous other 
series reported in which a similar incidence 
of epidermoid cysts is found.*:** 

Classification. There is some variation in 
the classification of splenic cysts but most 
authors have followed that of Fowler* who 
divides them into primary or true cysts 
with a well-defined epithelial or endothelial 
lining, and secondary or false cysts with no 
lining. 

In the early classifications, true cysts 1n- 
cluded congenital, traumatic, inflamma- 
tory, parasitic and neoplastic forms. The 
false group included traumatic, degenera- 
tive and inflammatory cysts. Cellular 
metaplasia may account for the presence of 
a lining in some of the acquired conditions, 
so that traumatic and inflammatory cysts 
appear in both categories. The neoplastic 
group included epidermoids, dermoids, 
lymphangiomas, and cavernous heman- 
giomas, although some of these are perhaps 


tn 


more properly developmental aberrations. 
It is evident that a given case may be diff- 
cult to classify under this system. This ac- 
counts for the variations in the reported 
series. 

Pathology. Epidermoid cysts are large 
and may contain from a few hundred to 
several thousand cubic centimeters of 
fluid. They are always lined with stratified 
squamous epithelium which is from five to 
ten cells thick.’ The lining is surrounded by 
a dense hyalinized fibrous tissue. The cysts 
are usually solitary and are smooth ex- 
ternally. The internal lining may be thrown 
into folds resembling trabeculations. The 
fluid varies in color from brown to green 
and is usually cloudy. There may be fat, 
cholesterol or calcific debris in the fluid. 
Dermal structures such as hair follicles and 
sweat glands are not found. The remainder 
of the spleen is normal except for pressure 
atrophy. 

Pathogenesis. The true cause tor the for- 
mation of epidermoid cysts has not been 
determined. Several theories have been 
proposed. Shawan'’ and Fowler* have sug- 
gested that a portion of the celomic cavity 
capable of forming epidermis is enclosed in 
the splenic anlage during fetal develop- 
ment. Transformation from splenic meso- 
derm and from lymphoid endothelium has 
also been mentioned by these authors. 
Posener and Litherland*® further suggest 
metaplasia following trauma, infarction, 
hemorrhage, and infection. 


CLINICAL MANIFESTATIONS 


Although splenic cysts in general are 
most often seen in the twenty to fifty vear 
age group, epidermoids are found more fre- 
quently in the group under twenty years.° 
They are rarely found under five years of 
age. 

The symptoms are minimal. Left upper 


* From the Department of Radiology, Children’s Hospital, Denver, Colorado. 
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quadrant fullness with vague pain which 
may radiate to the shoulder, chest, or back 
may be present. As the mass enlarges, 
nausea, vomiting, constipation, and dysp- 
nea may appear secondary to displacement 
of abdominal and thoracic contents. There 
is frequently a history of either recent or 
old trauma. 

Kidney function may be disturbed by 
the presence of any large abdominal mass 
which causes ureteral obstruction, pressure 
on the kidney, or pressure on the renal 
artery. Hoffman‘ reported a splenic cyst 
associated with albuminuria that dis- 
appeared following splenectomy. In one of 
the following case reports, the presenting 
clinical findings were hypertension and 
albuminuria. 

The physical findings are minimal except 
for palpation of the mass at examination of 
the abdomen. Because of their asympto- 
matic nature, splenic cysts are usually 
large at the time of discovery. The left 
upper quadrant mass is usually smooth, 
nontender, and moves with respiration. 


ROENTGEN MANIFESTATIONS 
PLAIN ROENTGENOGRAPHY 

A large soft tissue mass of water density 
is seen in the left upper quadrant of the 
abdomen. The majority of cases seen in 
childhood do not show visible calcium; 
however, scattered flecks of calctum may 
be seen and occasionally the whole mass 
appears to be calcified. The stomach is dis- 
placed to the right. The splenic flexure of 
the colon is displaced downward and /or to 
the right. The psoas margin may or may 
not be obscured. In the lateral projection 
the mass is seen extending from the ante- 
rior wall to the posterior wall. There is fre- 
quently a rounded indentation on the ante- 
rior wall of the displaced stomach." Con- 
trast studies of the gastrointestinal tract 
may serve to better delineate these dis- 
placements. The left side of the diaphragm 
may be elevated and left lower lobar pneu- 
monia, atelectasis, and basal pleural effu- 
sion have been described. As with any large 
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abdominal mass, there may be limitation of 
motion of the left side of the diaphragm. 


INTRAVENOUS UROGRAPHY 


Intravenous urography is of paramount 
importance in the investigation of an ab- 
dominal mass in childhood. The urinary 
tract may be entirely normal. Frequently, 
there is either compression or displacement 
of the left kidney. Displacement is usually 
downward but it may be upward.” Forde 
et al. list 26 cases of displacement of the 
left kidney by splenic enlargement. In 14, 
the displacement was downward; in 9, 
downward and medial; and in 2, upward. 
Whether displaced or not, the function is 
good and there is no intrinsic deformity of 
the calyceal system. Some ureteral ob- 
struction from external pressure may be 
present with varying degrees of dilatation 
and persistence of filling. Other cases may 
show poor filling due to direct pressure or, 
possibly, due to pressure upon the vascular 
supply. This may be the mechanism of the 
hypertension which is seen in cases such as 
our Case 11 presented below. 


DIFFERENTIAL DIAGNOSIS 


Roentgenologically, the differential diag- 
nosis includes other causes of splenic en- 
largement. Tumors such as lymphangioma 
and hemangioma are seldom as large. Ac- 
quired cysts are impossible to differentiate 
except by microscopic examination. The 
history, when definite, may be helpful. 
Generalized splenic enlargements are usu- 
ally associated with acute infections or 
serious diseases such as leukemia and the 
reticuloses. In these cases the contour of 
the spleen is maintained with elongation 
being the most prominent feature. Parasitic 
cysts of the spleen are diagnosed by their 
geographic occurrence more than by their 
roentgen features, although calcification of 
the wall is a frequent finding. 

The differential diagnosis also includes 
numerous masses outside the spleen. The 
only significant pancreatic mass in the age 
group under consideration is the pseudo- 
cyst. It is usually not as large and not 
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situated in as lateral a position and it tends 
to displace the stomach anteriorly and to 
the left. Omental and mesenteric cysts are 
usually movable and rarely are found so far 
to the left side. Tumors of the left lobe of 
the liver may closely simulate splenic cysts. 
They are not so large and frequently the 
displaced spleen can be seen. Retroperito- 
neal tumors, including neuroblastoma, usu- 
ally show their site of origin in the lateral 
view, especially if skeletal structures are 
involved. Intrinsic renal tumors almost in- 
variable distort the calyceal pattern and in 
both renal and pararenal tumors the normal 
spleen shadow is visible. 

The left kidney is not displaced with 
pancreatic cysts, mesenteric cysts, and 
tumors of the liver. Neuroblastoma usu- 
ally displaces the kidney downward when 
the site of origin is the adrenal gland but 
the kidney may be displaced upward when 
the origin is in the sympathetic chain be- 
low the kidney. Other retroperitoneal 
tumors may displace the kidney in any di- 
rection according to their site of origin. 
Retroperitoneal tumors, including neuro- 
blastoma, frequently rotate the kidney as 
well as displace it, while displacement trom 
splenic enlargement is usually without 
rotation. 


REPORT OF CASES 


Case rt. W.N., an eleven year old boy, was ad- 
mitted with a complaint of pain in the left 
hypochondrium. The pain had started about 
ten days before. It was constant, although occa- 
sionally cramping, and was not related to posi- 
tion or eating. There were no other complaints 
and the past history was negative. 

On examination the patient appeared well. 
The pulse, temperature, and respirations were 
normal. The blood pressure was 110 $5. Phys- 
ical examination was negative except for the 
abdomen where there was a 15 by 10 cm. mass 
in the left upper quadrant extending down to 
the umbilicus. The mass was smooth, non- 
tender, and fixed, except for motion with 
respiration. There was no clinical evidence of 
peritoneal fluid or of peritoneal irritation. 
Laboratory tests were within normal limits. 
Roentgen examination revealed a homogene- 
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ous mass of water density in the left upper 
quadrant extending down to the iliac crest. The 
margins were not well defined but the mass dis- 
placed the colon, small bowel, and stomach to 
the right side of the abdomen. The margins of 
the liver, spleen, and psoas muscle were not dis- 
tinct. Except for displacement, the bowel pat- 
tern was normal. Intravenous pyelogram (lig, 
1) revealed good function bilaterally and an 
anatomically normal right side. The left kidney 
was displaced upward so that the lower pole 
was at the level of 1-1. There was no intrinsic 
deformity of the calyceal system. The ureter 
was well filled. The early studies showed a 
nephrogram, suggesting partial obstruction of 
the left ureter. 

At laparotomy the mass was found to be a 
large cyst of the spleen which contained 1,149 
cc. of rust colored fluid. It was removed. 

Kxamination of the specimen (hig. 4 .7) re- 
vealed a large cyst with the wall composed of 


Fic. 1. Case 1. Intravenous pyelogram shows the 
large left upper quadrant mass displacing the 
stomach and bowel to the right and downward. 
The left kidney is displaced upward so that the 
upper pole lies just under the diaphragm. There is 
slight compression of the left ureter. 
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hyalinized collagen material lined by stratified 
squamous epithelium. There were no skin ap- 
pendages present in the specimen so the patho- 
logic diagnosis was epidermoid cyst of the 
spleen. 


Case tt. M.N., an eight year old girl, was ad- 
mitted with a complaint of swelling in the left 
side of the abdomen which had been present for 
one week. There was no pain or complaint of 
gastrointestinal disturbance. The child had 
always been in good health. One year previ- 
ously she had been thrown from a horse but 
there were no abdominal complaints at that 
time. 

The only abnormal physical finding was a 
large firm mass occupying the left upper quad- 
rant of the abdomen and measuring 13 by 14 
cm. It was smooth and nontender. There was 
no evidence of peritoneal irritation or free fluid. 
Temperature, pulse, respirations, and blood 
pressure were normal. Routine laboratory ex- 
aminations were normal. 

A roentgenogram of the abdomen (Fig. 2) re- 
vealed a mass of water density occupying the 
left upper quadrant displacing the colon down- 
ward and the stomach to the right. There was 
no evidence of tree peritoneal fluid and the gas 
pattern of the bowel was normal except for dis- 
placement. The psoas margins were distinct. A 
definite splenic shadow was not visible. Intra- 
venous urography revealed a normal kidney on 
the right side. On the left side the calyceal struc- 
tures were not well filled and the kidney was dis- 
placed downward. There was no intrinsic dis- 
tortion of the calyceal structures. The position 
of the mass relative to the kidney was such 
that the incomplete filling could have been the 
result of direct pressure. 

At laparotomy the mass was identified as the 
spleen. It was cystic and brownish in color. The 
spleen including the mass was removed. 

The specimen (lig. 4 B) measured 20 by 15 
by 10 cm. and weighed 1,725 gm. It consisted of 
a large cyst filled with a turbid greenish-brown 
fluid. Microscopic examination revealed a 
fibrous wall lined by stratified squamous 
epithelium. No accessory dermal structures 
were found and the diagnosis was epidermoid 
cyst of the spleen. 


Case in. J.B., a thirteen year old boy, was 
tound to have hypertension and albuminuria on 
a routine physical examination. The patient 
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Hic. 2. Case u. The left upper quadrant mass has 
displaced the intestinal gas pattern downward and 
to the right and the kidney is displaced downward 
so that it lies over the iliac crest. 


was well and had been unusually active athleti- 
cally. There were no symptoms referable to the 
cardiovascular or urinary systems. 

On admission to the hospital, the tempera- 
ture and respirations were normal. The blood 
pressure ranged from 152/104 to 130/72 with 
most of the systolic readings over 140. The 
pulse rate ranged from 8o to 114. The remainder 
of the physical examination was normal except 
for the finding of a large mass in the left upper 
quadrant. It moved with respiration and was 
not tender. Laboratory work demonstrated 25 
mg. per 100 mm.’ albumin in the urine and 50 
mg. per 100 mm.’ on a second examination. 
There were occasional white blood cells, phos- 
phate crystals and granular casts. Blood 
creatinine, nonprotein nitrogen and serum pro- 
tein were within normal limits. 

Roentgen examination of the abdomen (Fig. 
3, 4 and B) revealed a large mass of soft tissue 
density in the left upper quadrant. It displaced 
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Fic. 3. 
verse colon downward. The splenic flexure is situated over the wing of the ilium. The left kidney is displaced 
slightly laterally and its excretory function appears suppressed by external pressure. (B) The lateral roent- 
genogram shows the indentation of the mass on the anterior margin of the stomach. 


the gas-filled colon inferiorly and the stomach 
to the right. The underlying psoas shadow was 
visible as was the renal outline. The margin of a 
normal spleen was not demonstrated. No free 
fluid was seen. There was a minimal lumbar 
scoliosis concaved to the left. Intravenous 
urography showed a normal right kidney. On 
the left side the collecting system did not fill 
well but there was no intrinsic deformity and 
only slight lateral displacement of the kidney. 
On the lateral roentgenogram the mass was 
seen to be indenting the anterior wall of the gas- 
filled stomach. 

Incomplete filling of the collecting system on 
the left side as compared to the good right kid- 
ney was quite impressive and was interpreted 
as indicating pressure of the mass on the kid- 
ney. It could, however, have been the result of 
pressure upon the renal artery. Lumbar 
aortography was not done. 

At laparotomy the left upper quadrant mass 
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Case 111. (4) The left upper quadrant mass has displaced the stomach far to the right and the trans- 


was identified as the spleen. It was smooth and 
reddish-purple in color, After removal of the 
mass, it was noted that the left kidney appeared 
somewhat flattened where the mass had been 
pressing upon it. 

Following operation, the blood pressure re- 
turned to normal, ranging from 134 70 to 
120 64. Repeat urinalysis showed a normal 
specific gravity, no albumin and only an occa- 
sional white blood cell. 

The pathologic specimen (Hig. 4 C), including 
spleen and cyst, weighed 3,050 gm. and the cyst 
contained 2,000 cc. of cloudy brown fluid. The 
spleen appeared congested. The cyst wall was 
thick and trabeculated. Microscopic examina- 
tion showed that the wall was composed of 
dense fibrous connective tissue lined, for the 
most part, by a thin layer of stratified squa- 
mous epithelium. There were a few small foci of 
calcified debris. Pathologic diagnosis was 
epidermoid cyst of the spleen. 
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SUMMARY 


Three children with epidermoid cysts of 
the spleen are reported. The typical pa- 
tient is over five years of age and presents 
with an asymptomatic left upper quadrant 
mass. The complaints in one case were 
hypertension and albuminuria, probably 
due to the pressure of the mass on the 
kidney. 

The roentgen features include the left 
upper quadrant mass with displacement of 
the gas-filled stomach and bowel, absence 
of the normal splenic margin, and displace- 
ment of the left kidney, usually downward 
but occasionally laterally and upward. 

The history, physical findings and roent- 
gen examination, when considered together, 
may be sufficiently characteristic to lead to 
the correct diagnosis. 


Virgil R. Condon, M.D. 

The Children’s Hospital 
Nineteenth Avenue at Downing 
Denver 18, Colorado 
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(B) Case and (C) Case u1 show the trabeculated 
cyst wall and demonstrate a remarkable similarity. 
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BILATERAL HEMORRHAGIC PSEUDOCYSTS OF THE 
ADRENAL GLANDS IN A NEWBORN* 


By ARCHIBALD C. WAGNER, M.D. 


RICHMOND, VIRGINIA 


7 E purpose of this paper is to describe 
what is, to our knowledge, the yvoung- 
est reported patient demonstrating roent- 
gen signs of cystic lesions of the adrenal 
glands. 


REPORT OF A CASE 


This white female infant was born June 7, 
1960 of a normal spontaneous delivery, with 
vertex presentation, and cried spontaneously. 
During the first three days of life, jaundice, 
with bilirubin reaching 20.3 mg. per cent, inter- 
mittent cyanosis and leukocytosis were noted. 
Roentgenograms of the abdomen and chest 
were unremarkable at that time. Antibiotics 
were started and a complete exchange transfu- 
sion was performed. Blood and cerebrospinal 
fluid cultures were negative and the infant im- 
proved. 

Escherichia coli was cultured trom the urine 
on the ninth day. In the twelfth day of life the 
infant vomited several times and developed 
profound shock and cardiac arrest which re- 


sponded to intracardiac epinephrine and mouth 
to mouth breathing. A roentgenogram of the 
abdomen at this time revealed bilateral sym- 
metric rim-like calcifications in both upper 
quadrants of the abdomen (ig. 1, 4 and B), 
These were interpreted as most likely repre- 
senting calcified cystic lesions of the adrenal 
glands or kidneys. Bilateral masses were now 
palpable in the upper abdomen. Intravenous 
pyelography the following day was technically 
poor and gave no significant information. 

At the age of fourteen days, a retrograde 
pyelogram showed that the calcified masses 
were in the suprarenal areas, displacing the 
kidneys downward and distorting the right col- 
lecting system (Fig. 2). A lipiodol swallow dem- 
onstrated that the stomach and the duodenum 
were displaced anteriorly. 

Exploratory laparotomy was performed on 
the fifteenth day of life and a cystic lesion con- 
taining old blood and measuring 7.5 cm. in 


diameter was removed from each adrenal gland 
3). 
Microscopically, 


these cysts showed a 


Fic. 1. (4) Plain abdominal roentgenogram of the infant at twelve days of age showing rim-like calcific densi- 
ties (arrows) in both upper abdominal quadrants. (B) Detail of 4 showing the rim—like calcification (ar- 


rows) in the right upper quadrant. 


* From the Department of Radiology, Medical College of Virginia Hospitals, Richmond, Virginia. 
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centrally located area of infarcted tissue and 
hemorrhage and a peripheral zone of intact 
adrenal tissue; between these two areas was a 
thin layer of calcified material (Fig. 4). 

The final diagnosis was hemorrhagic pseudo- 
cysts of the adrenal glands. It was felt that the 
hemorrhage was secondary to infection. 

The infant was discharged on August 19, 
1g60 on adrenal replacement therapy and was 
doing well. At the age of nine months she was 
still thriving except for intermittent bacilluria. 


DISCUSSION 

Adrenal cysts are uncommon. A review 
of the literature in 1958 disclosed 155 re- 
ported cases, found either at surgery or at 
autopsy, with patient age ranging from the 
newborn to seventy-six years.'! In these 
155 cases the most common type of cystic 
lesion encountered was pseudocyst forma- 
tion incident to adrenal hemorrhage (50 
cases). 

In the young, adrenal hemorrhage is not 
rare. It was noted in slightly more than 1 
per cent of a series of autopsies performed 
on infants and children, and it may be uni- 
lateral or, more commonly, bilateral.** It 
has been reported in association with birth 
trauma (including forceful resuscita- 
infection,'* hemorrhagic 
disease of the newborn,*?* physiologic in- 
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Fig. 2. Retrograde pyelogram of the infant at four- 
teen days of age showing both kidneys displaced 
inferiorly and rotated laterally by suprarenal 
masses. There is some distortion of the collecting 
system on the right. 


volution,'* regional suppuration with 
thrombosis of the adrenal vein,?° burns,**-** 
hemophilia,® syphilis, leukemia,** and in- 
compatible blood transfusion.** Adrenal 
hemorrhage in the newborn period is most 
commonly due to trauma at the time of de- 
livery.**? The hemorrhagic mass may even 
reach such size as to cause obstruction of 
the colon from extrinsic pressure.'” 


ic. 3. Photograph of the surgical specimens showing part of each adrenal pseudocyst. 
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Fic. 4. Photomicrograph of a section of one pseudocyst showing a layer of calcification (arrows) between 
peripheral, normal adrenal gland tissue (above) and centrally located infarcted tissue and hemorrhage 


(below) (X 100). 


Calcification within the adrenal glands 
may occur following hemorrhage!!:** as 
well as with tuberculosis,*:*''?"* ganglio- 
neuroma,!! pheochromo- 
cytoma,®: carcinoma,'!*! adenoma,’ pseu- 
generalized xanthoma- 
tosis, Niemann-Pick’s  disease,?> and 
Echinococcus cysts. The calcification has 
assumed a rim-like character, however, 
only in association with cystic lesions of 
various types, including cystic degenera- 
tion within a tumor. 

Although the presence of adrenal calcifi- 
cation has been noted at autopsy as early 
as eight days following adrenal hemorrhage 
in the newborn,* the youngest patient pre- 
viously reported with roentgenographic 
evidence of adrenal calcification was four 
months old.!! 

The mechanism of pathologic calcifica- 
tion has been adequately covered in previ- 
ous reports,°:** as has the clinical picture of 
adrenal insufficiency, !2+13.15,17,18, 24,32, 33,36, 37 
Calcified cystic lesions of the adrenal 


glands must be differentiated from other 
lesions in the abdomen and _ retroperi- 
toneum which may also show rim-like calei- 
fication, such as aneurysms of various ab- 
dominal arteries, hepatic and splenic cysts,” 
renal cysts,'© dermoid and Echinococcus 
cysts,”* cysts of the mesentery,'® pancreatic 
cysts, Wilms’s tumor,” renal car- 
cinoma.’ This is best accomplished by 
urography. However, with bilateral calci- 
fied adrenal cysts, especially in infancy, the 
diagnosis may be strongly suspected on the 
basis of the plain roentgenograms alone, 
since, of the above named lesions, only 
renal cysts show any tendency to be bilat- 
erally located, and to our knowledge sym- 
metric rim-like calcification has not been 
reported in this latter condition in early in- 


fancy. 


SUMMARY 


Hemorrhagic pseudocysts of the adrenal 
glands may show roentgenographically dis- 
cernible rim-like calcification in a patient 
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as young as twelve days of age. With bilat- 
eral calcification on plain roentgenograms, 
this diagnosis should be the first considera- 
tion and can easily be confirmed by pyelog- 
raphy. This sign should be specifically 
looked for in any infant exhibiting unex- 
plained gastrointestinal symptoms, col- 
lapse, irritability or other signs of adrenal 
insufficiency. 

Department of Radiology 

The Fauquier Hospital 

Warrenton, Virginia 
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VESICOURETERAL REFLUX IN CHILDREN* 


By DONALD R. ROONEY, M.D.+ 
MARIETTA, GEORGIA 


HE purpose of this report is threefold: 

(1) to re-emphasize that the reflux of 
urine from the bladder into the ureter is an 
abnormal occurrence in children or in pa- 
tients of any age; (2) to outline a simple 
reliable method for roentgenographic dem- 
onstration of reflux; and (3) to briefly re- 
view the growing body of literature dealing 
with vesicoureteral reflux in children. 


IS VESICOURETERAL REFLUX ABNORMAL 
IN CHILDREN? 


The varied answers to this question 
from many physicians, including radiolo- 
gists, and the paucity of information deal- 
ing specifically with reflux in the recent 
radiologic literature served as stimuli for 
this report. 

Studies in Normal Children. lf one were 
to design a scientific study in an attempt 
to answer this question, one might start by 
obtaining cystograms of 100 urologically 
asymptomatic children with negative urin- 
alyses. Just such a study was performed by 
Jones and Headstream.'* They obtained 
cystograms in 100 children who met the 
above criteria and found reflux in only 
child. This child was subsequently found 
to have a trabeculated bladder with 180 cc. 
of residual urine due to bladder neck con- 
tracture. It is also interesting to note that 
none of the 100 children developed evi- 
dence of urinary infection following cyst- 
ography. Other investigators have made 
similar observations prior to and after the 
above study. Kjellberg et a/. obtained 
cystograms of 1o1 children aged two days 
to thirteen years who were apparently free 
of urinary abnormalities and none were 
found to have vesicoureteral reflux. Keuh- 
nelian examined 26 children who were 
judged to have normal vesicoureteral 
junctions and in none of these was reflux 


observed.'* JIannaccone and Panzironi!* 
studied 50 children aged ten days to six 
months with no urinary signs or symptoms 
and found transient reflux in 1, but they 
were unable to reproduce reflux in the same 
patient ten days or three and one half 
months later. Since then, they have been 
quoted by McGovern ef a/.'* as not having 
observed reflux in children without actual 
or subsequent infection or progressive dila- 
tation. Bunge? obtained cystograms of 24 
normal children and adults aged nine 
months to seventy-four years and was un- 
able to demonstrate reflux in these pa- 
tients. Politano”’ examined over 50 normal 
children without noting reflux. Campbell,’ 
in discussing the cystographic findings in 
722 children, states: “Reflux was not ob- 
served in any unanesthetized child with 
a normal bladder.” 

Earlier reports by Kretschmer'® and 
Gibson® have given rise to controversy 
concerning the abnormality of vesicoure- 
teral reflux in children. Kretschmer found 
reflux in 4 of 11 children, but 1 had cystitis 
and pyelitis. It is suggested by others!§ 
that the remaining cases of reflux could 
have been caused by the irritating qualities 
of the instilled solutions, resulting i in edema 
about the ureterovesical junction. Gibson 
demonstrated reflux in 2 of 43 apparently 
normal children. In this same series 2 other 
children were found to have vesical diver- 
ticula. This would seem to cast some doubt 
on how many of the 43 apparently normal 
children actually did have normal urinary 
tracts. 

Thus, the presently available evidence 
indicates that cystograms rarely, if ever, 
demonstrate reflux in normal unanesthe- 
tized children without other evidence of 
urinary disease. 

Studies in Children with Urinary Dis- 


* From the Department of Radiology, Kennestone Hospital, Marietta, Georgia. 
t Associate Radiologist, Kennestone Hospital and Instructor in Radiology, Emory University School of Medicine, Atlanta, Georgia. 
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orders. In contrast to the absence, or ex- 
treme rarity, of reflux in normal children is 
the fact that approximately 12 per cent 
or more children with urinary disorders 
have reflux demonstrated on cystograms. 

Martin e¢ al.?*> observed reflux in 13.5 
per cent of 74 children with urologic signs 
or symptoms. Forsythe and Whelan‘ tound 
reflux in 13.7 per cent of 445 children with 
urinary sy samen despite the fact that the 
complaint was enuresis in 430 of these. 
Campbell® demonstrated reflux in 12 per 
cent of 722 children with urinary disease. 
Five hundred symptomatic children twelve 
years of age or younger were examined by 
Pasquier e¢ a/.,?° and in 13.8 per cent reflux 
was found. Thirty-five per cent of 152 con- 
secutive symptomatic children examined 
by McGovern et a/.'* had reflux. There were 
290 consecutive children with urinary tract 
infection, but with no evidence of obstruc- 
tion or neurologic disorder reported by 
Kjellberg et a/.!° and reflux was seen in 34 
per cent. Reflux was demonstrated in 34 
per cent of our last 50 consecutive children 
with urinary disorders. 

Of even greater significance than the in- 
creased incidence of reflux in children with 
urinary complaints is the observation that 
when reflux is found there is almost always 
a demonstrable coexisting or causative 
urinary disorder. This observation is sup- 


ported by our studies and by those of 


others. McGovern ef a/.'!*> state that, in 
their series of 88 children demonstrating re- 
flux, “‘100% have significant urinary ab- 
normality besides reflux.”” In Campbell’s® 


aforementioned study of the cystograms of 


722 children, he did not observe reflux ex- 
cept when other demonstrable uropathy 
coexisted. In discussing his series of 500 
cystograms of children, Pasquier ef a/.?° 
state, “In every instance we have been 
able to demonstrate an adequate cause for 
the reflux.” 


PATHOPHYSIOLOGY OF REFLUX 


The ureterovesical junction is anatomi- 
cally constructed to prevent reflux. Accord- 
ing to Campbell,’ “Normally the ureter 


enters the bladder obliquely for a distance 
of 5.0 mm. in an infant and 20.0 to 25.0 mm. 
in an adult, thus forming an oblique valve 
arrangement with a thin overhanging ure- 
teral meatal lip to prevent backflow of 
urine.” Gruber!’ observed that the percent- 
age of reflux varied inversely with the 
thickness of the bladder and with the 
length of the intravesical portion of the 
ureter. Melick and Naryka'® have shown 
with the strain gauge, a highly accurate 
instrument for measuring intravesical and 
intraureteral pressures, that, as the bladder 
is distended with fluid, the pressure in the 
normal ureter rises and remains higher 
than the intravesical pressure. From their 
studies they believe that this is the normal 
mechanism by which reflux is prevented. 
They also observed that reflux occurs 
when the ureteral peristaltic pressure fails 
to rise sufficiently as the bladder pressure 
rises. This increase in ureteral pressure may 
be due in part to the bladder compressing 
the intramural ureter plus the added factor 
of ureteral peristaltic pressure. Edwards’ 
and Hanafee and Turner! observed cine- 
roentgenographically that children with 
bladder neck obstructions had reflux into 
atonic ureters. In cases with simple mega- 
ureter, active forward and reverse peristal- 
sis was observed. Pasquier et a/.,°” in pre- 
liminary studies with combined cystograms 
and cystometrograms, have shown that 
there is reflux with low bladder volumes 
and pressures in some children, while in 
others large volumes and high pressures are 
necessary before reflux occurs. Briefly 
stated, there is some type of unidirectional 
valve mechanism in the intramural portion 
of the normal ureter. This valve action may 
be active or passive or both. 

Infection. There are many disease states 
which are able to alter the function of the 
ureterovesical junction, thereby causing re- 
flux. In the acute phase, infection may tem- 
porarily convert the intramural ureter into 
a semi-rigid tube by surrounding edema 
and induration. Auer and Seager! produced 
experimental edema at the ureterovesical 
junction by infiltrating fluid in this area 
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and were thereby able to produce reflux. 
Such changes are reversible and reflux may 
disappear as the infection and edema re- 
gress. This may be why the 12 per cent of 
symptomatic children in whom reflux went 
undiagnosed in past years have not all had 
persistent reflux leading to progressive 
renal damage and death. The unrecog- 
nized reflux presumably cleared as the in- 
fection subsided with or without therapy. 
A chronic inflammatory process at the 
ureterovesical junction may cause fibrosis 
and scarring, thus changing the distal 
ureter into a permanently noncollapsible, 
stiffened tube. Chronic infection might also 
convert the intramural ureter into an ex- 
tramural structure, as suggested by 
Hutch,'® thereby destroying the valve 
mechanism which normally would prevent 
reflux. 

Obstruction. Another large group of uri- 
nary disorders associated with reflux in- 
cludes lesions causing obstruction to the 
outHow of urine such as: posterior urethral 
valves, median bar, urethral stricture, and 
other related lesions (Fig. 1, 4, B and C). 
Of 133 children with congenital bladder 
neck obstruction reported by Uson et a/.,”* 
67 per cent had reflux. In this group with 
intravesical obstruction, the changes at the 
ureterovesical junction are secondary to 
the obstruction lesion. This group is quite 
susceptible to urinary infection due to 
stasis, which probably plays a large part in 
causing the reflux and vice versa. Fighty- 
one per cent in the series of Pasquier et a/.?° 
with reflux had infection in addition to 
bladder neck and intravesical obstruction. 

Anomalies. Congenital anomalies such 
as reduplication of the kidney and ureter 
or ectopic ureteral implantation are re- 
sponsible for many cases of reflux (Fig. 2, 
A-C;, and 3, 4-E). Other anomalies in the 
distal ureter or trigone have been reported. 

Neurogenic Disorders. These may _pro- 
duce reflux in some patients (Fig. 4). 
Swenson ef al.” state: “There is evidence 
that the parasympathetic system helps to 
mediate a reflex contraction of the lower 
ureter during emptying of the bladder... . 
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The bladder in some patients with mega- 
loureters is abnormal in function because of 
a diminution in parasympathetic ganglion 
cells. The megaloureters are a result of this 
bladder dysfunction. .. .Certainly most 
patients with megaloureters have free re- 
flux from the bladder.”’ Perhaps in some 
cases of megaureter there may be second- 
ary loss of ganglia due to dilatation and 
atrophy. Other neurologic disorders such 
as myelomeningocele, faulty innervation 
of the ureter or bladder, acquired para- 
plegia, or other types of “neurogenic 
bladder” may be responsible for the re- 
flux. Only 3 per cent of the patients of 
Pasquier ef al.2° were thought to have 
neurogenic dysfunction as the cause of the 
reflux. 

The etiology of vesicoureteral reflux is 
quite varied. Although infection, obstruc- 
tion or anomalies account for most cases, 
combinations of these and other causes may 
interact in the same patient to produce re- 


flux. 


DIAGNOSIS 


The presenting problem in almost all of 
our cases of children with reflux was unex- 
plained recurring episodes of pyuria and 
fever. Flank pain during urination has 
been mentioned by Campbell* as a symp- 
tom associated with reflux. Apparently re- 
Hux occurs in these children as intravesical 
pressure rises during micturition. The re- 
sulting distention of the upper urinary 
tract by the refluxed urine produces the 
Hank pain. The ability of a child to pass 
appreciable volumes of urine when he is 
allowed to empty his bladder two or three 
times in sucession suggests the presence of 
reflux. In these patients, varying amounts 
of the refluxed urine are passed back into 
the bladder after it is initially emptied (Fig. 
5). Other signs and symptoms are non- 
specific for reflux and include almost any 
urinary complaint. 

St. Martin et a/.% have shown that 78.5 
per cent of their cases with serious reflux 
had normal pyelograms. We have made 
similar observations. Kjellberg et a/.° and 
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Stewart™ report that reflux cannot be 
predicted from the cystoscopic appearance 
of the ureteral oriffice. Thus, we see that 
diagnostic studies in children with urinary 
problems are incomplete without a test for 
reflux (Fig. 5, 4-F). Only two types of 
tests are available at present. 

One method consists of filling the bladder 
with a solution containing a small tracer 
dose of radioactive iodine and then survey- 
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ic. 1. Six year old white female with three 
year history of recurring fever, cystitis and 
pyelonephritis. (7) Cystogram performed 
under anesthesia fails to demonstrate re- 
flux. Other studies done at the same time 
disclosed a urethral stricture and a small 
bladder diverticulum. (8) Excretory uro- 
gram demonstrates a juxtameatal diverticu- 
lum on the right resembling those described 
by Hutch" and Uson et a/.% The upper 
nary tract has a normal appearance. (C) Re- 
peat cystogram with the child awake dem- 
onstrates prompt reflux into the dilated left 
ureter. 


ing the kidney areas for radioactivity with 
two continually recording devices. This 
method as presented by Winter?® has cer- 
tain advantages, but the expense and the 
scarcity of the necessary equipment limit 
its widespread use. 

The second method, cystography, is 
simple and can be easily performed in any 
radiology department. There have been a 
few reports®**:**4 dealing with variations 


~ 
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and refinements in the techniques for best 
demonstrating reflux. These have definite 
advantages but the equipment and time 
required for some of them might tend to 
discourage their adoption as routine diag- 
nostic procedures. It would seem desirable 
to emphasize the need for a simple test on 
all pediatric urologic cases rather than to 
stress an elaborate one which would only 
be used on a few children. 


Vesicoureteral Reflux 


Fic. 2. Two year old white female with recur- 
ring episodes of pyuria and fever. (4) Ex- 
cretory urogram reveals duplication of the 
left kidney and ureter with dilatation of the 
lower portion of the duplicated left urinary 
tract. (B) Cystogram taken twenty minutes 
after bladder was filled does not show re- 
flux, nor did the cystogram made immedi- 
ately after filling. (C) Immediate postvoid- 
ing roentgenogram discloses reflux into the 
dilated lower portion of the duplicated left 
urinary tract. 


PROCEDURE 

Certain pitfalls must be avoided in 
order to prevent false negative or false 
positive findings of reflux in cystograms of 
children. 

1. The child should not be anesthetized. 
We have observed 3 children who showed 
no reflux when cystography was done 
under general anesthesia but who were 
found to have marked reflux when these 
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Fic. 3. Three year old white female with fifteen months’ history of recurring pyuria and fever. (7) Cystogram 
taken with patient under general anesthesia fails to demonstrate reflux. (B) Excretory urogram fails to de- 
pict any dilatation or other intrinsic abnormality of the opacified structures. The left kidney is slightly 
lower than the right, but no opaque medium is seen above it to confirm the presence of a double left kidney. 
(C) Cystogram taken with patient awake. No reflux was seen on immediate or delayed roentgenograms with 
the bladder filled. (D) Immediate postvoiding roentgenogram demonstrates reflux into a dilated ureter 
from the upper portion of the duplicated left kidney. Note the low midline termination of this ureter. (£) 
On repeat retrograde study, both portions of the duplicated left tract are now depicted. An ectopic ureteral 
orifice from the dilated ureter was located in the urethra, which explains why this structure was opacified 


only on the postvoiding cystogram. 
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studies were repeated with the child awake 
(Fig. 1, 4-C; and 3, 4-E). Conversely, 
ureteral regurgitation may be seen in an 
anesthetized child with a normal bladder 
who demonstrates no reflux on repeat 
cystograms made while he is awake. 

2. A cystogram should be taken im- 
mediately after filling the bladder. In some 
of our patients this was the only roentgeno- 
gram which demonstrated reflux. 

3. A delayed cystogram should be taken 
while the bladder remains distended. Most 
children with reflux will demonstrate it 
during the first twenty minutes. To 
lengthen this part of the examination one 
or two hours or more, as some suggest, 
might discourage the widespread use of 
cystography. 

4. A voiding or immediate postvoiding 
cystogram must be taken. In actual prac- 
tice the voiding cystogram is not always 
feasible, since most of the patients are too 
young to cooperate fully. In these cases we 
have ettectively used an immediate post- 
voiding cystogram. We commonly see re- 
flux only on this one film (Fig. 2 C; and 3 
D). This film also permits visualization of 
reflux into the distal ureter which might 
otherwise by obscured by the opacified 
bladder. St. Martin et a/.> were able to in- 
crease their diagnostic accuracy of reflux 
so per cent by utilizing the postvoiding 
cystogram. If there is any delay in obtain- 
ing a postvoiding cystogram, a false nega- 
tive finding will result, because the ureter 
will have emptied the refluxed opaque 
medium back into the bladder (Fig. 5£) 
and this will be misinterpreted as residual 
urine. 

s. Always perform cystography first so 
that opaque media from excretory or retro- 
grade pyelography will not obscure or be 
confused with reflux. 

6. Use a meticulously aseptic technique 
when performing the catheterization. 

7. Do not use irritating solutions, since 
the resulting edema may cause reflux. 

8. Do not overdistend the bladder. 
Allow the bladder to drain completely 
through the catheter before instilling the 
opaque medium. 
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Fic. 4. Three year old white female who had had re- 
peated urinary infections since the age of seven 
months. She also had partial paralysis of the lower 
extremities and clubbed feet and was later found 
to have an extradural lipoma in the lumbosacral 
canal. This cystogram reveals a deformed, con- 
tracted bladder and prompt bilateral reflux into 
a grossly dilated upper urinary tract. 


g. Obtain repeat cystograms on children 
with persistent unexplained urinary infec- 
tion if reflux is not demonstrated on the 
first examination, since, in some patients 
reflux is an elusive phenomenon. 

10. Careful attention should be paid to 
roentgenographic technique in order to 
minimize motion and other factors which 
might obscure minimal reflux. Always ob- 
tain a preliminary roentgenogram so that 
technical factors may be corrected if neces- 
sary. Be certain that the kidney and blad- 
der regions are completely included on the 
film. 

TECHNIQUE 

Utilizing our errors, made in the past, 
suggestions in the literature, and the ex- 
perience gained from our last 85 cysto- 
graphic examinations, the following tech- 
nique has been gradually developed for 
obtaining routine cystograms in children. 
A routine cystogram series is illustrated in 
igure 5, 4—D. 
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Fic. §. Four year old white female with a two year history of recurring episodes of fever and pyuria. Subse- 


quently, at the time of bladder neck revision, stenosis of the vesical neck was observed. Figures 4 through 
D constitute the routine cystograms. (4) Preliminary scout roentgenogram. (B) Cystogram taken imme- 
diately after the bladder is filled shows prompt bilateral reflux into slightly dilated ureters, pelves and 
calices. (C) On twenty minute delayed cystogram, some of the refluxed medium is seen to have emptied 
back into the bladder. (D) Immediate postvoiding cystogram reveals that bilateral reflux has again oc- 
curred. Residual opaque medium remains in the bladder. (F) A second postvoiding cystogram discloses 
that all the refluxed medium on the right and most of it on the left has emptied into the bladder. Pseudo- 
residual opaque medium is still present in the bladder. This demonstrates two points: double and triple 
voiding techniques, as suggested for conservative treatment of reflux, are effective methods to help elimi- 
nate stasis; and delay in obtaining the postvoiding cystogram may result in failure to demonstrate reflux. 
(F) Excretory urogram taken immediately after the cystogram appears to be normal. 


1. A survey roentgenogram of the abdo- studies. A large piston or bulb syringe 1s 


men is made. 

2. Using aseptic technique, a_ small 
catheter is inserted into the bladder and 
taped in place. The bladder is emptied and 
this urine may be saved for cultures of other 


then connected to the catheter with a suit- 
able adaptor. 

3. Dilute hypaque (30 cc. ampule di- 
luted with sterile water to 120 or 10 cc.) Is 
allowed to flow by gravity from the syringe 
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which is elevated above the patient to ap- 
proximately 20 cm. Usually about 75 cc. of 
fluid is used in less than three minutes. 
After this, approximately 50 cc. more is in- 
jected under slightly increased pressure. If 
any of the contrast medium leaks around 
the catheter or if the child complains of dis- 
comfort, the injection is stopped and the 
catheter is clamped. A total of 100 to 150 
cc. of the contrast medium is used in the 
average young child. 

4. As soon as the injection is completed, 
the second exposure is made. This film is 
processed and inspected. If bilateral reflux 
has occurred, omit step five. 

s. After twenty minutes the third film is 
exposed. 

6. With the film and roentgen-ray tube 
in place tor a fourth exposure, the catheter 
is. withdrawn. This usually initiates 
micturition and the child is allowed to void 
into a pan on the roentgen-ray table. 
After urination is completed, the pan is 
quickly withdrawn and the fourth expo- 
sure is immediately made. 

We now routinely adhere to the above 
method for obtaining cystograms of chil- 
dren. Since the technicians have become ac- 
customed to this technique, the entire ex- 
amination is usually completed in approxi- 
mately twenty-five minutes and it entails 
only a few minutes of the radiologist’s time 
to perform the catheterization and to in- 
spect the films. Over go cystograms have 
been obtained in the past twelve months at 
Kennestone Hospital. Seventy-seven of 
these were on 50 children aged seven 
months to sixteen vears. Reflux was dem- 
onstrated in 15, or 34 per cent, of the 44 
children, 14 of whom were females. In 6 
children the reflux was bilateral. 

TREATMENT 

It is not the purpose of this paper to fully 
discuss the management of children with 
vesicoureteral reflux. Emphasis has been 
placed on the significance of this abnormal 
finding and how to demonstrate it roent- 
genographically. Treatment is mentioned 
for the sake of completeness and to further 
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lic. 6. White male, sixteen years of age, with uremia 
and advanced damage to ureters and kidneys, 
bilaterally. Persistent untreated reflux can pro- 
duce this result. Every effort should be made to 
diagnose and treat vesicoureteral reflux promptly 
if changes such as these are to be avoided. 


stimulate the interest of radiologists in this 
problem. 

Briefly stated, the rationale of manage- 
ment is directed toward finding and 
eliminating not only the reflux, but the 
fundamental lesion causing reflux, first 
with conservative measures and then pro- 
gressing to more radical methods in the 
persistent cases. Antibiotics or other drug 
therapy may be tried first. Measures de- 
signed to eliminate residual urine may be 
tried next, such as multiple voidings (Fig. 
SF) or urethral dilatations. Leuzinger et 
al.’ report that two-thirds of 190 children 
with reflux were greatly benefited follow- 
ing conservative therapy. If the problem 
persists, less conservative measures may 
be tried, such as transurethral resection, 
Y-V-plasty, or other surgical modifications 
of the bladder neck designed to eliminate 
obstruction. If reflux persists after correct- 
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ing the underlying abnormality, it is as- 
sumed that the changes at the uretero- 
vesical junction are no longer reversible and 
surgical modification of the ureterovesical 
junction may then become necessary. Ure- 
teral reimplantation with the creation of a 
submucosal tunnel, as described by Poli- 
tano and Leadbetter,” has been quite suc- 
cessful in correcting reflux without produc- 
ing ureteral obstruction. Politano” reports 
one failure and one partial failure in 26 
children following this procedure. Vinson 
et al." report that the Hutch type vesicou- 
reteroplasty was 75 per cent successful in 
correcting reflux in 178 patients. Pasquier 
et al.’ successfully corrected reflux with the 
Hutch type procedure in 10 of 11 children. 
McGovern, Marshall and Paquin,'* in their 
excellent monograph dealing with vesico- 
ureteral regurgitation, discussed 20 chil- 
dren who received vesicoureteroplasties and 
Y-V-plasties of the bladder neck. Twenty- 
eight refluxing ureters were reimplanted; 
reflux was seen postoperatively in only 1 
patient and this ureter was subsequently 
reimplanted with no further reflux. 


SUMMARY AND CONCLUSIONS 
Vesicoureteral reflux rarely, if ever, is 
observed in the normal child. It is an ab- 
normal occurrence in children, or in pa- 
tients of any age, usually indicating an 
underlying urinary tract disorder. Per- 
sistent untreated reflux will lead to pro- 
gressive and irreversible urinary tract 
damage. There are several causes for reflux. 
Urinary infection is important not only as 
a cause, but also as a result of reflux. Most 
cases are found to have an obstructing 
lesion at or below the bladder neck. Three 
fourths of the children with reflux may have 
normal pyelograms. Every child with an 
unexplained recurring urinary problem de- 
serves a complete urologic evaluation which 
should include properly performed cystog- 
raphy. If the radiologist or urologist rou- 
tinely obtains cystograms of these patients, 
his efforts will be rewarded with the demon- 
stration of reflux in 12 per cent or more of 
them, and with the knowlege that many of 
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these children will be spared the ravages 
of progressive renal damage (Fig. 6). 

Therapy is directed toward eliminating 
the fundamental lesion and the reflux. 
Conservative therapy is tried first, and less 
conservative measures may be necessary in 
the persistent cases of reflux. Effective 
therapy is available for many children with 
vesicoureteral reflux; therefore, the radiolo- 
gist should make every eftort to demon- 
strate this abnormal finding. 


Department of Radiology 
Kennestone Hospital 
Marietta, Georgia 


The author wishes to express his thanks to Dr. 
Fred K. Schmidt for furnishing the clinical and 
operative findings in some of the illustrated cases and 
for his helpful criticism of the manuscript. 


ADDENDUM 


Since this manuscript was submitted, 91 
cystograms have been obtained on 78 addi- 
tional children. Reflux was demonstrated 
in 21 of these. Thus, in a two year period 
vesicoureteral reflux has been observed in 
36 of the 128 symptomatic childrens’ cysto- 
grams. In 13 of these 36 children, the reflux 
was bilateral. Surgical revisions have been 
performed on 26 of these 49 refluxing 
ureters which form the basis of a separate 
report which will appear shortly in the 
Fournal of the Medical Association of 
Georgia. 

REFERENCES 

1. Aver, J., and Seacer, L. D. Experimental local 
bladder edema causing urine reflux into ureter 
and kidney. 7. Exper. Med., 1937, 66, 741-754. 

2. Bunce, R. G. Further observations with de- 
layed cystograms. 7. Urol., 1954, 77, 427-434. 

3. Camppe i, M. F. Principles of Urology. W. B. 
Saunders Co., Philadelphia, 1957, p. §9 and 8o, 

4. Curisrensen, EF. R. Cystography with con- 
trolled filling pressure in children. Acta radiol., 
1959, 52, 426-432. 

s. Dean, A. L., Jr., Lartimer, J. K., and McCoy, 
C. B. Standardized Columbia University cys 
togram. 7. Urol., 1957, 78, 662-668. 

6. Epwarps, D. Cine-radiology of congenital blad- 
der-neck obstruction and megaureter. Brit. 7. 
Urol., 1957, 29, 410-415. 

>. ForsyrHe, W. and Wue ray, R. F. 
rence and significance of vesico-ureteral reflux 


Occur- 


oy 
: 


VoL. 86, No. 3 


8. 


10. 


in children. Brit. ‘7. Urol., 1958, 30, 189-197. 

Kutron, H. Delayed cystography in children. 
Am. J. RoenrGenou., Rap. THerapy & Nu- 
CLEAR MepD., 1957, 78, 486-491. 

Gisson, H. M. Ureteral reflux in normal child. 
Urol., 1949, 62, 40-43. 

Gruper, C. M. Comparative study of intra- 
vesical ureters (uretero-vesical valves) in man 
and experimental animals. ‘7. Urol., 1929, 27, 
567-581. Also Uretero-vesical valve. Urol., 
1929, 22, 275-292. 

Hanaree, W., and Turner, R. Some uses of 
cine-fluorography in urologic diagnostic prob- 
lems. Radiology, 1957, 7.3, 733-739- 

Hurcn, J. A. Nonobstructive dilatation of upper 
urinary tract. 7. Urol., 1954, 77, 412-420. 

IANNaAcCONE, G., and Panziront, P. E. Ureteral 
reflux in normal infants. Acta radiol., 1955, 
44, 451-456. 

Jones, B. W., and Heapsrream, J. W. Vesico- 
ureteral reflux in children. ‘¥. Urol., 1958, 80, 

KyJELLBERG, S. R., Ericsson, N. O., and Rupue, 
U. The Lower Urinary Tract in Childhood: 
Some Correlated Clinical and Roentgenologic 
Observations. Year Book Publishers, Inc., 
Chicago, 1957, pp. 172-266. 

KrerscuMer, H. L. Cystography. Its value and 
limitations in surgery of bladder. Surg., 
Gynec. & Obst., 1916, 23, 709-717. 

Leuzincer, D. E., Larimer, J. K., and Mc- 
Coy, C. B. Reflux is dangerous but not always 
disastrous: conservative treatment often ef- 
fective. rol., 1959, 82, 294-303. 

McGovern, J. H., Marsnuatt, V. F., and Pa- 
QuIN, A. J., Jk. Vesico-ureteral regurgitation in 


Vesicoureteral Reflux 


1g. 


te 


555 


children. ‘%. Urol., 1960, 8}, 122-149. 

Meuick, W. F., and Naryka, J. J. Pressure 
studies of normal and abnormal ureter in chil- 
dren by means of strain gauge. 7. Urol., 1960, 
83, 267-276. 

Pasquier, C. M., Jr., Sr. Martin, E. C., and 
Campse.t, J. H. Further observations on 
problems of vesicoureteral reflux. South. M. F., 
1959, 52, 967-974. 

Po.irano, V. A. Vesicoureteral reflux in chil- 
dren. 7.4.M.A., 1960, 172, 1252-1256. 

Po.irano, V. A., and Leapspetrer, W. F. Oper- 
ative technique for correction of vesicoureteral 
reflux. 7. Urol., 1958, 79, 932-941. 

Sr. Martin, E. C., Camppe t, J. H., and Pas- 
quier, C. M. Cystography in children. 7. 
Urol., 1956, 75, 1§1-15$9. 

Stewart, C. M. Delayed cystography and void- 
ing cystoureterography. ‘¥. Urol., 1955, 74, 
749-759. 

Swenson, O., MacManon, H. E., Jaques, 

W. E., and Campse tt, J. S. New concept of 
etiology of megaloureters. New England F. 
Med., 1952, 246, 41-46. 

‘son, A. C., Jounson, D. W., Larrimer, J. K., 
and Me ticow, M. M. Classification of uro- 
graphic patterns in children with congenital 
bladder neck obstruction. AM. J. ROENTGENOL., 
Rap. THerapy & Nucrear Mep., 1958, 80, 
$90-602. 

Vinson, C. E., Hurcn, J. A., and Bunts, R. C. 
Evaluation of vesicoureteral plasty for reflux. 
F. Urol., 1957, 78, 611-619. 

Winter, C. C. New test for vesicoureteral re- 
flux: external technique using radioisotopes. 
F. Urol., 1959, 80, 105-111. 


© 
= 
4 
20. 
21. : 
II. 
12. 
‘GP 
4 
24. 
4. 
26. 
16. 
17. 27. 
25. 
18 
\- : 
i 
r- 
UX 
* 


SEPTEMBER, I961 


INTRALUMINAL CALCIFICATION OF THE 
INFERIOR VENA CAVA* 


By EDWARD B. SINGLETON, M.D., and HARVEY S. ROSENBERG, M.D. 


HOUSTON, TEXAS 


N THE adult patient, the roentgeno- 

graphic visualization of intra-abdom- 
inal calcification is a frequent finding. The 
calcification may exist as one or more 
phleboliths, atherosclerosis of the aorta or 
its branches, mesenteric lymph node calci- 
fication, or a variety of other forms which 
are readily recognized by roentgenographic 
means. Calcification within the abdomen 
of a child, however, is certainly more unu- 
sual and often implies a serious condition 
such as neuroblastoma, teratoma, or, less 
commonly, an embryoma or Wilms’ tumor. 
Benign forms of calcification, although 
commonly seen on roentgenograms of the 
adult abdomen, are infrequent in the pedi- 
atric age group. Within the past year we 
have seen 2 children, who underwent 
roentgenologic examinations for entirely 
different reasons, in whom a localized area 
of intra-abdominal calcification was dis- 
covered which at laparotomy was found to 
lie within the lumen of the inferior vena 
cava and to be attached to its wall. We 
have been unable to find similar cases in 
our teaching file and in a review of the 
literature. 


REPORT OF CASES 


Case 1. J.A.H. (88598) was a six week old 
white female who was admitted to the hospital 
because of continued vomiting and poor weight 
gain. The first hospital admission was at three 
weeks of age for similar complaints and a diag- 
nosis of hypertrophic pyloric stenosis was made. 
Laparotomy was performed but the pyloric 
muscle appeared normal. Gastrointestinal ex- 
amination had not been performed prior to this 
surgical procedure. The patient continued to 
have periodic vomiting and three days after the 
laparotomy developed diarrhea which was 
treated successfully with kanamycin and furo- 


zone. Prior to institution of chemotherapy, 
Klebsiella pneumoniae and Shigella A were 
cultured from the stool specimen. Because of 
continued periodic vomiting episodes, roent- 
genologic examinations of the gastrointestinal 
tract and urinary tract were performed. Both 
examinations showed an oval shaped area of 
calcific density located posterior to the stomach 
and extrinsic to the kidneys. 

The family history was noncontributory and 
both parents were living and well. The mother’s 
pregnancy was uncomplicated and the delivery 
and immediate postnatal period were in all re- 
spects normal. The patient had been on many 
different formulas in an attempt to correct the 
vomiting difficulties but none of these had been 
successful. 

Physical examination showed a well devel- 
oped, but slightly undernourished baby who 
was moderately dehydrated. A healed recent 
abdominal incision was identified, marking the 
recent laparotomy. There was no evidence of 
visible abdominal peristaltic waves, nor were 
there abnormal masses palpated through the 
abdominal wall. The lower extremities 
normal without evidence of edema. 

Laboratory studies showed a normal com- 
plete blood cell count and urinalysis, and blood 
chemistries, including sodium, potassium and 
carbon dioxide determinations, were within 
normal limits. The VDRL was nonreactive and 
examination of a stool specimen showed normal 
trypsin activity. 

Roentgen examination of the upper gastro- 
intestinal tract showed no abnormality of the 
esophagus, stomach or small intestine. How- 
ever, on all of the roentgenograms there was an 
oval shaped area of calcific density which meas- 
ured nearly 3 cm. in length. It was located an- 
terior to the body of L-1 and posterior to the 
stomach (Fig. 1, 4 and B). 

In order to investigate the calcification seen 
on the roentgenograms, an exploratory laparo- 
tory was performed at which time a hard mass 
was identified within the lumen of the inferior 
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vena cava. Venotomy was performed and the 
mass was found to be attached to the anterior 
wall of the vena cava just above the renal veins. 
The lesion was removed from its attachment 
and the venotomy repaired. 

Grossly, the specimen was an oval yellow- 
brown structure with a coarsely granular sur- 
face measuring 1.7X0.gX0.3 cm. (Fig. 2/4). 
Cut section disclosed an outer irregular calcific 
capsule with an encapsulated nodule of fibrous 
tissue. The central portion of this structure was 


Fic. 1. Case 1. (4) Anteroposterior roentgenogram 
of the right upper quadrant shows an ill-defined 
area of density overlying the right lateral border of 
L-1. (B) Lateral roentgenogram shows the oval 
shaped area of calcification to be posterior to the 
stomach and duodenum. 
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ic. 2. Case 1. (4) Gross specimen. (B) Histologic 
section showing features of a calcified organized 
thrombus. 


made up of loosely arranged sheets of young 
stellate fibroblasts and a few thin-walled blood 
vessels. Hemosiderin laden macrophages were 
identified within the fibrous tissues. The cal- 
cification was present beneath the capsule and 
was surrounded by a thin compressed layer of 
mature fibroblasts (Fig. 2B). The pathologic 
impression was that of a calcified organized 
thrombus from the inferior vena cava. 

The patient’s recovery following this proce- 
dure was uneventful, and, after repeated in- 
structions to the mother in the handling of her 
baby, the infant stopped vomiting and is no 
longer a feeding problem. 


Case u. P.A.L. (93111) was a four year old 
white female who was admitted to the hospital 
for investigation of abdominal pain which had 
been present intermittently for one month. The 
discomfort occurred usually in the evening and 
was located in the left flank and left lower 
quadrant. In addition, the patient had lost ap- 
proximately five pounds of weight in the past 
four weeks. Two days prior to admission, the 
mother noted that the urine was dark brown in 
color and on the evening before admission the 
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patient awakened during the night complaining 
of severe abdominal pain and this was followed 
by gross hematuria. 

The past history was completely normal 
other than the usual childhood diseases. Both 
parents have been in good health and there was 
no history of maternal illness during gestation. 

The abnormal physical findings were limited 
to the abdomen. There was slight tenderness 
and spasm over the left flank and left costo- 
vertebral angle. A firm, slightly movable, 
nodular mass was palpated in the left upper 
quadrant. 

Laboratory studies showed a hemoglobin of 
12.2 gm. with a hematocrit of 36 mm. The 
white blood cell count was 10,700 with a normal 
differential. Urinalysis showed the urine to be 
dark red in color and loaded with red blood 
cells. Blood chemistries, consisting of blood 
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urea nitrogen, calcium and phosphorus values, 
were within normal limits. 

Roentgenograms of the abdomen showed a 
normal distribution of intestinal gas. The right 
renal shadow was of normal size, but the left 
kidney appeared enlarged. A triangular shaped 
area of calcific density having the configu- 
ration of a tooth and measuring 1.5 cm. in 
length was identified to the right of the twelfth 
dorsal interspace (hig. 3, 74, Band C). Excretory 
urograms showed nonfunction of the left kidney 
and retrograde studies showed a mass occupy- 
ing and distorting the left renal pelvis. The 
superior and inferior pole calyces were mark- 
edly dilated, with the remaining portions of the 
kidney apparently occupied by a large renal 
neoplasm. Because of the tooth-like area of 
calcification, retroperitoneal teratoma with in- 
vasion of the kidney was suspected. 


Fic. 3. Case 1. (4) Excretory urogram show- 
ing a normal right kidney with tooth- 
shaped area of calcific density medial to the 
superior pole of the kidney (arrows). 
(B) Retrograde study of the left upper uri- 
nary tract showing evidence of renal neo- 
plasm. Note again the tooth-shaped area of 
density lateral to the intervertebral disk 
space of D-12. (C) Lateral urogram showing 
the area of calcification to lie anterior to the 
body of L-1. 
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Surgical investigation showed a large neo- 
plasm occupying the pelvis of the left kidney 
which had the gross appearance of a Wilms’ 
tumor. Left nephrectomy was carried out and 
following this a small firm mass could be 
palpated in the inferior vena cava, at the area 
in which the calcific mass was identified on pre- 
operative roentgenograms. Venotomy was per- 
formed and the calcific lesion was found to be 
attached by pedicle to the wall of the vena cava, 
just above the right renal vein. The lesion was 
removed without difficulty and the venotomy 
repaired. The patient made an uneventful re- 
covery and the operative site was treated by 
external radiation. The patient has remained 
free of visible neoplasm to the present time, 
eight months following nephrectomy. 

Histologic diagnosis of the renal lesion was 
Wilms’ tumor with vascular and lymphatic in- 
vasion. The calcific lesion which was removed 
from the inferior vena cava was a roughly oval, 
yellow-brown calcific structure measuring 1.2 
Xo0.6 X0.3 cm. (hig. 4.7). The lesion, which had 
been removed in several fragments, contained 
a brittle central core. Histologic examination 
showed the lesion to be an encapsulated 
amorphous structure which was densely cal- 
cified and focally ossified. There were broad 
areas of edematous connective tissues contain- 
ing a few fibroblasts, but no evidence of active 
inflammation (Fig. 4B). The histologic diag- 
nosis was organized thrombus of the inferior 
vena cava. 


DISCUSSION 


There are a number of reports in the 
radiologic literature describing calcification 
of intra-abdominal veins, as well as calci- 
fied thrombi of these structures. This is 
especially prevalent patients. with 
Banti’s syndrome?*** and in cases of endo- 
phlebitis involving the splenic vein, infe- 
rior mesenteric vein, gastroepiploic vein, 
superior mesenteric vein and portal vein. 
Lit credits Morgagni in 1769 and Baillie in 
1793 with reporting calcification involving 
the inferior vena cava. However, there is 
no reason to believe that these cases were 
similar in origin or appearance to the 2 re- 
ported here. Although to our knowledge 
other cases of calcified thrombi affecting 
the inferior vena cava of children have not 
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Kic. 4. Case u. (4) Gross specimen in fragments. 
(B) Histologic section showing bone formation 
within the organized thrombus. 


been reported, a few have been identified 
in other institutions.?? 

Experimentally, it is recognized that in- 
creased pressure within a vein, as well as 
phlebitis, may lead to thrombosis and this 
in time mav undergo calcification and even 
later ossification. Neither of the patients 
described in this report had reason for in- 
crease in the pressure of the inferior vena 
cava such as cirrhosis, portal hypertension 
or cardiac decompensation. In each case 
the liver appeared grossly normal at the 
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time of laparotomy and the spleen was not 
enlarged. Neither was there a history of 
phlebitis involving systemic or visceral 
veins. It is conceivable that in the case of 
the patient with the suspected pyloric 
stenosis, the inferior vena cava was locally 
damaged with resulting thrombosis and 
calcification. However, the histologic ap- 
pearance was not that of a recent throm- 
bus but instead suggested that the process 
had been present for a longer period of 
time than would have been possible had 
the thrombosis developed at the time of 
the recent surgical procedure. In the sec- 
ond case it seems unlikely that the Wilms 
tumor would have resulted in calcification 
of the inferior vena cava. There was no 
evidence of extension of the neoplasm to 
the vena cava at this point. 

Arey! has suggested that the thrombus 
may be secondary to severe dehydration, 
and, although the first case had a history 
of recurrent emeses, the infant was never 
considered to be severely dehydrated. In 
addition, the histologic appearance of the 
thrombus suggested that it antedated the 
period of dehydration. In the second case, 
there was no history of dehydration. 

In addition, attempts to incriminate an 
embryonic defect have been unsuccessful. 
Consequently, we are unable to offer an 
exact etiologic explanation for the calcified 
vena caval thrombi exhibited by these 2 
patients. 

One can only postulate as to the eventual 
result of such a lesion. The possibility of 
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extension of the thrombus with either even- 
tual occlusion of the inferior vena cava or 
dislodgement of a portion of the thrombus 
with pulmonary infarction would appear 
inevitable. Consequently, the surgical re- 
moval of these lesions seems justified. 


SUMMARY 


Two children with calcified masses (prob- 
ably thrombi) within the inferior vena cava 
are reported. The etiology is unknown but 
the possibility of a calcified thrombus of 
the inferior vena cava should be considered 
in the differential diagnosis of intra-ab- 
dominal calcifications. 


Edward B. Singleton, M.D. 

St. Luke’s and Texas Children’s Hospitals 
Department of Roentgenology 

6621 Fannin Street 

Houston 25, Texas 
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TOTAL ANOMALOUS PULMONARY VENOUS CON- 
NECTION TO THE PORTAL VENOUS SYSTEM: 
A CAUSE OF PULMONARY VENOUS 
OBSTRUCTION * 
By RUSSELL V. LUCAS, Jx., M.D., PAUL ADAMS, Jr., M.D., RAY C. ANDERSON, M.D., 
RICHARD L. VARCO, M.D., JESSE. E. EDWARDS, M.D., and RICHARD G. LESTER, M.D. 


MINNEAPOLIS AND ST. PAUL, MINNESOTA 


bie physician confronted with a cya- 
notic newborn infant must consider the 
possibility of total anomalous pulmonary 
venous connection to the portal venous 
system. This condition leads to death in 
early infancy. Since surgical correction is 
theoretically possible, action toward im- 
mediate diagnosis is mandatory if surgical 
salvage of these infants is to be accom- 
plished. 

Harris and associates® have stressed the 
value of the thoracic roentgenogram in sug- 
gesting the presence of this anomaly. When 
the thoracic roentgenogram reveals fine 
stippled reticular pulmonary markings and 
a normal sized heart, the differential diag- 
nosis In a Cyanotic neonate is narrowed to 
pulmonary parenchymal disease or pul- 
monary venous obstruction. 

Among the several causes of pulmonary 
venous obstruction is the condition dis- 
cussed in this paper—-total anomalous pul- 
monary venous connection with a vein of 
the portal system. This condition may oc- 
cur alone, or it may be associated with 
other major cardiac anomalies, with dif- 
ferent diagnostic and therapeutic problems 
in either circumstance. This report will 
consider only cases that are not associated 
with other cardiac anomalies. A presenta- 
tion of the angiocardiographic observa- 
tions correlated with the pathologic find- 
ings in total anomalous pulmonary venous 
connection to the portal venous system is 
the major purpose. Angiocardiography was 
diagnostic in 3 of the 4 patients seen by the 


authors, and, in retrospect, it could have 
been the basis of the diagnosis in the fourth 
patient. 

In addition, the clinical, electrocardio- 
graphic, and roentgenographic features of 
our 4 cases will be compared with available 
data on the 29 other cases we have found 
in the literature. Description of the at- 
tempts at surgical correction of the anom- 
aly in 2 cases will also be given. 


CLINICAL REVIEW 


A summary of the pertinent data in our 
4 cases along with those of 29 cases col- 
lected from the jg 
given in Table 1. 

Death occurred in infancy in all cases. 
Male infants predominated in a ratio of 
about 3 to 1. A cardiac murmur was infre- 
quently heard. Cyanosis and dyspnea were 
almost universal. The electrocardiogram 
revealed right axis deviation and hyper- 
trophy of the right ventricle in every case 
in which electrocardiographic findings were 
available. 

The literature indicates that roentgeno- 
graphic studies may lead to a definitive 
diagnosis of this anomaly. Routine roent- 
genographic studies reveal the cardiac size 
to be normal in the large majority of pa- 
tients. Abnormal pulmonary vascular mark- 
ings characterized by diffuse, small, irregu- 
lar densities and described as “reticular 
markings,” “pulmonary edema,” and mark- 
ings ‘similar to those in neonatal atelec- 
tasis’’ were present in almost all patients 
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rOTAL ANOMALOUS CONNECTION OF THE PULMONARY VEINS 
TO THE PORTAL VENOUS SYSTEM 


Age | — | Normal | Reticular | Angio- | Surgical 
Source Sex at un ing Symp emcee on Heart Lung | cardiog Inter 
| Death | toms* ECG* Size* Markings*) raphy* | vention* 
| 
Literature 22 M | 2 da. to | 16/17 $/19 7/7 16 19 I> 19 1/29 29 
(29 cases) 6F 3 mo. | | 
Present Authors’ | 
Case | F | 43 mo. + + + +f + + 
5 Case M 5 wk. + + Gr. ut + + + + died after 
Bs PO) systolic surgery 
ie Case 1 | M 5 wk. + + + Gr. 1 + + + t died after 
Bi (PO) systolic surgery 
Case Iv M | 2wk. + + + Gr. 11 + + + + 
systolic 
Total 33 M 25] 2da. to 26/27 20/21 a/4 8/23 11/11 20/21 21/23 33 2/22 
k 7 4} mo. 


+ On the basis of six grades. 
$¢ Normal at three days of age; cardiomegaly at seven days. 


of whom roentgenograms of the lungs were 
described. Johnson and associates’ re- 
ported the results of venous angiocardiog- 
raphy in one patient in whom contrast 
medium appeared in the region of the porta 
hepatis nine seconds after injection. To 
our knowledge, the present report is the 
only other description in the literature of 
the angiocardiographic findings in total 
anomalous venous connection to the portal 
venous system. 

The following roentgenographic and 
pathologic findings were observed in our 4 
cases. 


REPORT OF CASES 

Case 1.* 

Roentgenographic Findings. Vhoracic roent- 
genograms were taken in January 1954, of this 
three day old white female infant during evalua- 
tion of cyanosis and dyspnea. Roentgeno- 
graphic study (Fig. 1.7) demonstrated that the 
heart was normal in size and shape. Diffuse fine 
linear streaks and fine mottling were present in 
both lungs. A roentgenogram taken four days 


* Data on this case were included in a previous report by Gott 
and associates.’ 


RVH—Right ventricular hypertrophy; ECG—electrocardiogram; PO— postoperative. 
* The first figure indicates those patients with the finding and the second the number in which this finding was considered. 


later revealed cardiac enlargement; further- 
more, the fine mottling in the pulmonary fields 
was accentuated in comparison with that shown 
at the first examination. 

At ten days of age, the patient was subjected 
to venous angiocardiography. While the patient 
was in the left anterior oblique position, 4.5 cc. 
of 35 per cent iodopyracet (diodrast) was in- 
jected into the right greater saphenous vein at 
the ankle. Serial roentgenograms were made 
at the rate of two per second for five seconds. 
Review of these roentgenograms showed con- 
trast medium entering the inferior vena cava 
and progressing to the right atrium and right 
ventricle and, simultaneously, contrast material 
filling the left atrium. The pulmonary artery 
was large and distinct, and it opacified simul- 
taneously with the ascending aorta. 

Throughout the remainder of the study the 
right-sided chambers and the pulmonary artery 
remained opacified. No opacification of the 
pulmonary veins or reopacification of the left 
atrium was observed. A positive diagnosis was 
not made. Since the patient’s condition ap- 
peared stable, she was discharged from the 
hospital. 

The patient was re-admitted at three and 
one-half months of age for re-evaluation of her 
intensified episodic cyanosis. Thoracic roent- 
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genograms revealed moderate cardiomegaly 
and, as earlier, a fine, lacy, stippled appearance 
in both pulmonary fields (Fig. 1 B). A second 
angiocardiographic study was performed, 7 cc. 
of 35 per cent diodrast being injected into the 
left brachiocephalic vein. Films were exposed at 
the rate of two per second with the patient posi- 
tioned in the left anterior oblique. The contrast 
medium outlined the left innominate vein, the 
superior vena cava, and the right atrium. Opaci- 
fication of the large right atrium was followed 
by simultaneous opacification of the right ven- 
tricle and left atrium, then followed simultane- 
ous dense opacification of the aorta which was 
small and of the pulmonary artery which was 
large. Again, recirculation of contrast material 
did not occur, nor did the left side of the heart 
reopacity. The right atrium, right ventricle, and 
pulmonary artery remained opacified during the 
entire study. The patient was discharged on the 
day of the angiocardiographic study without a 
definitive diagnosis. One month later, at the 


Fic. 1. Case 1. (4) Thoracic roentgenogram taken 
when patient was 3 days old shows normal-sized 
heart and reticular markings in pulmonary fields. 
(B) Thoracic roentgenogram at 33 months shows 


no significant changes from earlier examination. 
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ic. 2. Case 1. Frontal photograph of the thoracic 
and abdominal organs. The heart has been lifted 
up. The four pulmonary veins converge behind the 
left atrium to form a common pulmonary vein 
(C.P.V.). This common pulmonary vein is nar- 
rowed at its point of penetration through the 
esophageal hiatus of the diaphragm. It then be- 
comes dilated and terminates (arrow) in the 
portal vein (P.) at the confluence of the superior 
mesenteric vein (M.) and the splenic vein (tran- 
sected in this specimen). In the thorax the common 
pulmonary vein is in close association with the 
esophagus (E.). L.—liver; S.—stomach. 


age of four and one-half months, the patient 
suddenly became unconscious and was dead on 
arrival at the University of Minnesota Hos- 
pitals. 

Pathologic Findings. Pertinent findings were 
restricted to the cardiovascular system. The 
lungs were expanded and appeared normal 
grossly. The aorta and pulmonary arteries arose 
in the normal manner and were normally inter- 
related. The ductus arteriosus was obliterated. 
When the heart was retracted upward (Fig. 2), 
the two pulmonary veins from each lung were 
observed to join near the midline to form a 
common trunk. This trunk descended inferiorly, 
immediately anterior to the esophagus, and it 
penetrated the diaphragm through the esopha- 
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geal hiatus along with the esophagus. This 
anomalous common pulmonary vein then joined 
the portal vein just above the confluence of the 
splenic and superior mesenteric veins. The 
anomalous common pulmonary venous trunk 
was I cm. in diameter at its termination at the 
portal vein. It had a narrow zone which lay in 
the thorax just above the diaphragm, where the 
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hic. 3. Case 1. Left anterior oblique venous 
angiocardiograms. (4) At 2 seconds, equal 
opacification of a large pulmonary artery 
and a smaller aorta and absence of contrast 
material in the region of the porta hepatis 
(gastric bubble) are noted. (8) At 3 seconds, 
faint opacification originating behind the 
heart and descending in the area between 
the inferior vena cava and the azygos vein 
and beginning opacification in the porta 
hepatis are seen. (C) At 4 seconds, definite 
opacification is now present in the porta 
hepatis visualized within the gastric bubble. 


diameter was 4 mm. No pulmonary veins 


joined the heart directly. 


Internal examination of the heart revealed a 
valvular competent patent foramen ovale with 
the potential opening measuring 1X2 cm. The 
ventricular septum was intact, and the ventric- 
ular cavities as well as the semilunar and atrio- 
ventricular valves were of normal size. The left 
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atrium was small in relation to the right atrium. 

It is noteworthy that upon retrospective re- 
view of the angiocardiograms obtained when 
the patient was three days old, we identified 
faint staining of a vascular channel extending 
from below the cardiac shadow to a point be- 
neath the diaphragm. In addition, a spherical 
shadow of contrast medium was observed to lie 
in the area of the porta hepatis (Fig. 3, 4, Band 
C). This opacification, which occurred late in 
the examination, had been overlooked during 
the initial interpretation of the roentgenograms. 
The shadows noticed retrospectively in this 
study are thought to represent the lower por- 
tion of the anomalous common pulmonary 
venous channel. 


CASE Il. 


Roentgenographic Findings. A tour week old 
white male infant had thoracic roentgenogra- 
phy performed in July, 1959, during evaluation 
of cyanosis and dyspnea. The roentgenograms 
demonstrated normal cardiac size and contour. 
Both pulmonary fields showed a fine, diffuse 
stippling (Fig. 4). A diagnosis of pulmonary 
venous obstruction was made. 

Three days later venous angiocardiography 
was performed. Six cubic centimeters of 90 per 
cent diatrizoic acid (hypaque-M) were injected 
into the right greater saphenous vein at the 
ankle while films were being exposed in frontal 
and lateral projections at the rate of five per 
second for six seconds. Initially, contrast ma- 
terial outlined the right and left atria. Later, 
simultaneous dense opacification of the large 
pulmonary artery and the small aorta occurred 
(ig. 5,.7 and B). These vessels were in normal 
position. A patent ductus arteriosus was well 
visualized. On the late roentgenograms (lig. 5, 
Cand 1) opacified material appeared in a large 
midline vascular channel, which extended from 
the pulmonary hilar regions through the dia- 
phragm into the abdomen. At the distal end of 
this channel in the region interpreted as that of 
the porta hepatis was a globular opacified struc- 
ture measuring 1.§ X2 cm. On the basis of these 
roentgenograms the diagnosis of total anoma- 
lous pulmonary venous connection with the 
portal system was made. 

On the seventh hospital day a thoracotomy 
was performed on the right side. The anomalous 
pulmonary venous trunk was easily identified 
in the posterior mediastinum and was followed 
to its penetration through the diaphragm. When 
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Itc. 4. Case 11. Thoracic roentgenogram at 4 weeks 
shows normal cardiac size and reticular markings 
in the pulmonary fields. 


the pericardium was opened, a small left atrium 
was identified, with an estimated volume of 
about 2 cc. Without interruption of venous 
pathways, the site of convergence of the right 
pulmonary veins was anastomosed side-to-side 
to the adjacent wall of the left atrium. The 
anastomosis was about 1.5 cm. long. At the end 
of the procedure, the heart stopped, and it was 
impossible to re-establish a satisfactory beat. 
Pathologic Findings. Abnormalities were re- 
stricted to the cardiovascular system. The right 
atrium and right ventricle were dilated and 
hypertrophied, and the left atrium and left 
ventricle were somewhat smaller than normal. 
The aorta and pulmonary artery were normally 
interrelated. The ductus arteriosus was nar- 
rowly patent. The pulmonary veins from the 
right and left lungs converged in the midline to 
form a common venous channel. The right as- 
pect of this confluence had been sutured to the 
left atrium (Fig. 6), forming an opening be- 
tween the left atrium and the pulmonary veins 
which admitted a 2 mm. probe. The anomalous 
common pulmonary venous channel extended 
downward to the esophageal hiatus anteriorly 
and to the right of the esophagus and pene- 
trated the diaphragm to enter the abdomen; it 
terminated by joining a greatly enlarged portal 
vein (lig. 7). No pulmonary or systemic veins 
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Fic. 5. Case 1. Venous angiocardiograms. (4) Anteroposterior roentgenogram at 1 second shows the left 
atrium on each side of the midline, simultaneous opacification of equal density of a large pulmonary 
artery and a small aorta. (B) Lateral roentgenogram at 1 second shows the relative sizes of the pul- 
monary artery and aorta. (C) Anteroposterior roentgenogram at 5 seconds shows opaque material in 
the common pulmonary venous trunk, which terminates in the region of the porta hepatis. (D) Lateral 
roentgenogram at 5 seconds shows the common pulmonary vein (arrow) and its termination in the region 
of the porta hepatis. 
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entered the left atrium (except by way of the 
surgical anastomosis described). The ventricu- 
lar septum was intact, and each valve was nor- 
mal. A valvular competent patent foramen 
ovale was present. The lungs were observed to 
be congested. 

The inadequate size of the surgical anasto- 
mosis between the left atrium and the pulmo- 
nary venous system may perhaps be explained 
by the smallness of the left atrium. It should be 
pointed out that the operation was performed 
with the circulation intact. Had artificial circu- 
latory techniques been applied, the opportunity 
to create a larger opening might have been 
greater. 

Case Il. 

Roentgenographic Findings. |na four week old 
white male infant a thoracic roentgenographic 
examination was performed in September 1960, 
during evaluation of cyanosis and dyspnea. 


Fic. 6. Case 1. Photograph of the gross specimen 
shows the surgically created anastomosis between 
the common pulmonary vein (C.P.V.) and the left 
atrium (L.A.). The probe is lying in the left atrium 
and is directed through the anastomosis into the 
common pulmonary vein. The diameter of the 
surgically created orifice was 2 mm. The right 
upper pulmonary vein (R.U.P.V.) and right lower 
pulmonary vein (R.L.P.V.) are seen at the upper 
left. 
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lic. 7. Case 1. Photograph of the specimen of the 
thoracic and abdominal organs viewed from be- 
hind, the esophagus having been removed. The 
common pulmonary vein (C.P.V.) formed by con- 
fluence of the individual pulmonary veins is of 
large caliber and enters a greatly enlarged portal 
vein (P.). The superior mesenteric vein (M.) and 
the splenic vein (above pancreas) are seen forming 
the portal vein. D.—-diaphragm; L.—liver. 


This study revealed the cardiac shadow to be of 
normal size and configuration. The lungs 
showed diffuse fine stippling bilaterally (Fig. 
8). A diagnosis of pulmonary venous obstruc- 
tion was made. 

Venous angiocardiography was performed 
the following day. Six and one-half cubic centi- 
meters of go per cent hypaque-M were injected 
into the right median basilic vein while films 
were exposed at two per second for fifteen 
seconds, in frontal and lateral projections. Fol- 
lowing opacification of the right atrium, the 
left atrium filled, and simultaneous dense opaci- 
fication of a large pulmonary artery and a small 
aorta then occurred (Fig. 9, 4 and B). Venous 
return of opacified blood from the lungs was de- 
layed. At five seconds the pulmonary veins 
filled, and a large channel leading below the 
diaphragm to the portal vein opacified. (Fig. 
10, 4 and B). 
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Fic. 8. Case 11. Thoracic roentgenogram at 4 weeks 
shows normal cardiac size and reticular pulmonary 
markings. 


On the sixth hospital day a thoracotomy was 
performed on the right side. Exploration re- 
vealed an anomalous pulmonary venous trunk 
receiving the venous tributaries from both 
lungs. This trunk was followed to its penetra- 
tion of the diaphragm through the esophageal 
hiatus. When extracorporeal circulation was 


artery and the small aorta. (B 
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instituted, severe congestion and edema of the 
lungs developed. The extracorporeal circulatory 
procedure was discontinued, and with the cir- 
culation intact a side-to-side anastomosis of the 
anomalous pulmonary venous trunk with the 
left atrial wall was accomplished. No part of the 
anomalous pulmonary venous trunk was ligated 
or divided. Although the patient appeared to 
tolerate this procedure reasonably well, his con- 
dition gradually deteriorated and he died five 
hours after the operation. 

Pathologic Findings. Abnormalities were re- 
stricted to the cardiovascular system. The great 
vessels were normally interrelated. A patent 
ductus arteriosus having a diameter of 1.4 cm. 
was noted. The four pulmonary veins joined in 
the midline to form a common channel that de- 
scended anteriorly and a little to the right of the 
esophagus and penetrated the diaphragm 
through the esophageal hiatus. This vessel then 
joined the portal vein (Fig. 10C). The surgi- 
cally performed anastomosis between the left 
atrium and the common pulmonary venous 
trunk was identified. The suture line was intact, 
and the opening measured 4 mm. in diameter 
(Fig. 11). The ventricular septum was intact. A 
patent foramen ovale was adjudged to have a 
potential diameter of 6 mm. The common 
pulmonary venous trunk was patent through- 
out, measuring 8 mm. at its narrowest diameter. 


Fic. 9. Case m1. Venous angiocardiograms at 1.§ seconds. (4) Anteroposterior roentgenogram shows a right- 
to-left shunt at the atrial level and simultaneous opacification with equal density in the large pulmonary 
) Lateral roentgenogram shows opaque material in the left atrium and the 
enlargement of the pulmonary artery. The descending aorta is clearly evident. 


‘ 
a 
a 


Kic. 10. Case 1. (4 and B) Venous angiocardio- 
grams at § seconds in anteroposterior and lateral 
projections, respectively. Opaque material is seen 
in each of the four pulmonary veins which empty 
into the opacified common pulmonary vein. 
Opacification of the infradiaphragmatic portion 
of the common pulmonary vein and its termination 
into the portal system is well visualized. Compare 
anatomic details with photograph of specimen. 
(C) Photograph of the specimen of the thoracic 
and abdominal organs from behind. In order to 
allow direct comparison of the anatomic structures 
defined angiocardiographically, this photograph 
was intentionally reversed in developing so that 
the reader has, in effect, an anteroposterior view 
of the pulmonary veins. The pulmonary veins join # 
a common pulmonary vein (C.P.V.) which de- 
scends below the diaphragm to terminate in a 
large dilated portal vein (P.V.). R.L.—right lung 
and right lobe of liver; L.L.— left lung and left lobe 
of liver. 


The presence of a large patent ductus arterio- tion of cyanosis and dyspnea. Cardiac size and 
sus undoubtedly accounted for the severe con- contour were normal and diffuse reticular mark- 
gestion of the lungs that developed when extra- ings were observed in both pulmonary fields 
corporeal circulation was established. This (Fig. 12.7). Pulmonary venous obstruction was 
pulmonary insult obviously did not enhance diagnosed, and venous angiocardiography was 
the child’s chances for survival. performed immediately. Six cubic centimeters 
of go per cent hypaque-M were injected into the 
right saphenous vein while films were exposed 

Roentgenographic Findings. A thirteen day in frontal and lateral projections at two per 
old white male infant had a thoracic roentgeno- second for fifteen seconds. Opacification ot the 
gram taken in November 1960, during evalua- right atrium was followed immediately by fill- 


Case Iv. 
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ing of the left atrium (Fig. 128). Simultaneous 
dense opacification of a large pulmonary artery 
and a small aorta then occurred (Fig. 12C). 
Pulmonary veins were visualized at four and 
one-half seconds (Fig. 12D). No reopacification 
of the left atrium occurred, but, at ten and one- 
half seconds in the frontal projection, a globular 
collection of opaque material was seen to the 
left of the midline between the fifth and sixth 
ribs (Fig. 12#). On the lateral projection (Fig. 
12F’), this shadow lay immediately behind the 
heart. A faintly opacified channel between the 
globular shadow and the diaphragm was also 
seen on the lateral roentgenogram. A diagnosis 
of anomalous pulmonary venous connection 
with obstruction was made. The patient died 
several hours after this procedure and before 
surgical treatment could be instituted. 
Pathologic Findings. Abnormalities were con- 
fined to the cardiovascular system. The heart 
appeared normal to external examination. The 
pulmonary artery and aorta were normally 
interrelated, and the ductus arteriosus was 
closed. No vessels entered the left atrium. The 
right pulmonary veins entered separately into a 
muscular walled chamber measuring 1 X 1.5 cm. 
and having the internal and external appear- 
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ance of an accessory atrial chamber. Histologi- 
cally, cardiac muscle was present in the wall of 
this chamber, which was connected by an 
atretic strand to the left atrium (Hig. 13, 4 and 
B). The accessory chamber and the two left 
pulmonary veins converged to form a common 
venous channel that descended in the midline, 
pierced the diaphragm through the esophageal 
hiatus, and terminated in the ductus venosus. 

While the common pulmonary venous trunk 
itself was not narrowed, the upper part of the 
ductus venosus measured only 1 mm. in diam- 
eter. Below the level of entrance of the anomal- 
ous pulmonary vein, the ductus venosus was 
closed; therefore, the only open avenue for es- 
cape of pulmonary venous blood was by way of 
the narrowly patent segment of the ductus 
venosus into the left hepatic vein. We believe 
that the accessory atrium-like venous chamber 
opacified during angiocardiography and_pre- 
sented as a retrocardiac shadow as demon- 
strated in Kigure 12, and F. 


HISTOLOGY OF THE LUNGS 


The lungs were similar histologically in 
all patients (Fig. 14, ./-D). Pronounced 


Fic. 11. Case 11. Photograph of specimen shows the surgically created anastomosis between the common 
pulmonary vein (C.P.V.) and the left atrium (L.A.). The probe lies in the left atrium and enters the 
common pulmonary vein through the anastomosis which measures 4 mm. in diameter. R.P.—right 


upper and lower pulmonary veins; LP: 


left upper and lower pulmonary veins; A 


~aortic arch. 
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Fic. 12. Case 1v. (4) Thoracic roentgenogram taken when patient was 13 days of age shows normal cardiac 
size and reticular pulmonary markings. (B) Venous angiocardiogram at I second shows right-to-left shunt 
at atrial level. (C) Venous angiocardiogram at 3 seconds shows simultaneous and equal opacification of a 
large pulmonary trunk and a small aorta. (D) Lateral venous angiocardiogram at 43 seconds shows opaci- 
fication of pulmonary veins (arrows). (£) Venous anteroposterior angiocardiogram at 103 seconds shows 
a globular collection of opaque material in relation to the cardiac shadow (arrows). (F) Lateral venous 
angiocardiogram at 103 seconds shows the globular shadow seen in E as lying immediately behind the left 
atrium. The arrows demonstrate an opacified channel descending toward the diaphragm. 


thickening of the alveolar walls resulted 
from massive capillary dilatation. Hemo- 
siderosis was present, and lymphatic chan- 
nels in the visceral pleura and interlobular 
septa were dilated. The pulmonary arteri- 
oles revealed pronounced medial hyper- 
trophy in excess of that normally found in 
this age group. The walls of the pulmonary 
veins were thickened as a result of very 
pronounced medial hypertrophy. 


DISCUSSION 


Total pulmonary venous connection with 
a vein below the diaphragm is but one of 
the anomalies possible when no direct 
communication exists between the left 
atrium and the pulmonary veins. The more 
common anomalous connections are be- 
tween pulmonary veins on one hand, and 
the left innominate vein, the superior vena 


cava, coronary sinus, or right atrium on 
the other. Under these circumstances ob- 
struction to pulmonary venous flow is rare. 
The clinical and roentgenographic signs in 
these patients are usually secondary to in- 
creased pulmonary blood flow and volume 
overload of the right ventricle. 

When the pulmonary venous blood re- 
turns to the right atrium anomalously by 
way of the portal system of veins, among 
the factors which combine to increase the 
resistance to this flow are: (1) the narrow 
caliber of the common venous trunk and 
(2) the length of the anomalous route. In- 
terposition of the hepatic capillary bed as 
in Cases 1, 11 and 111 or the narrowness of 
the ductus venosus as in Case tv are addi- 
tionally contributing factors. 

The diagnosis of pulmonary venous ob- 
struction may be suspected from clinical 
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Fig. 13. Case 1v. (4) Photograph of specimen of the thoracic and abdominal organs viewed from behind. 


The pulmonary artery and bronchus of the left lung (L..L.) have been severed. The apex of the heart has 
been elevated. The pulmonary veins from the right lung (R.L.) enter separately into a dilated thick- 
walled chamber that has the gross texture of an atrial chamber. The only outlet for this chamber is through 
a common pulmonary vein (C.P.V.) which also receives the veins of the left lung. The anomalous atrial- 
like chamber was connected to the left atrium (L.A.) by an atretic strand (arrow). The common pul- 
monary vein terminates below the diaphragm in the ductus venosus (D.V.). The ductus venosus is narrow 
and terminates in the left hepatic vein. The two hepatic veins join the inferior vena cava (1.V.C.) through 
which the pulmonary venous blood is finally delivered to the right atrium. (B) Photograph of the thoracic 
organs and liver viewed from behind. The essentials are like those illustrated in (7). This view empha- 
sizes the presence of an atrial-like chamber (M.) formed by confluence of the veins from the right lung 
(R.L.). Histologically, the wall of this chamber was formed mostly of cardiac muscle. L.L.~ left lung; 


L.P.—left pulmonary vein; D.V.— ductus venosus; L.H.— left hepatic vein; R.H.—right hepatic vein. 


findings. Thus, any infant in the first few 
days or weeks of life presenting with cva- 
nosis and dyspnea should be given immedi- 
ate roentgenographic examination. 
Among the findings on the thoracic roent- 
genogram, a cardiac shadow of normal size 
with peculiar pulmonary vascular mark- 
ings should strongly suggest pulmonary 
venous obstruction. At this point, the dif- 
ferential diagnosis includes the types of 
pulmonary parenchymal disease occurring 
not infrequently in the neonatal period. 
Likewise, pulmonary venous obstruction 
results from a number of anatomic condi- 
tions. These include: (1) cor triatriatum," 
(2) stenosis or atresia of the pulmonary 


veins,’ (3) mitral atresia,’ and (4) anoma- 
lous pulmonary venous connection to other 
systemic veins through stenotic channels, 
as well as ($) total anomalous pulmonary 
venous connection to the portal venous 
system. 

The diagnosis of total anomalous pul- 
monary venous connection to any site, 
whether or not obstruction to pulmonary 
venous flow exists, may be made on the 
basis of the following four signs,’ each of 
which was present in every one of our 
cases: (1) immediate shunt from. right 
atrium to a normal sized or small left 
atrium; (2) no dilution of the contrast ma- 
terial in the left atrium; (3) simultaneous 
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hic. 14. Photomicrographs of pulmonary vessels from sections stained for elastic tissue .(4) Case 1. Peripheral 
portion of lung and visceral pleura show dilatation of a pleural lymphatic and of the pulmonary capillaries 
(170). (B) Case 1. Medial hypertrophy of a large muscular artery and of an arteriole (upper portion of 
illustration) and an elastic artery are present (135). (C) Case 11. A venous trunk receives a tributary. 
Each shows a thick wall (150). (D) Higher magnification of tributary shown in C. The prominence of 
muscle in the medial layer resembles that seen in arteries. Adventitial prominence is also present( X 380). 


opacification of an enlarged pulmonary The diagnosis of obstruction in the See 
artery and a small aorta; and (4) density anomalous venous pathway depends on the 
of opacification of the aorta equal to or foregoing characteristics and, in addition, 
greater than that of the pulmonary artery. the signs of: (a) delay in emptying of the 
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right side of the heart, (b) persistence of 
opacified blood in the pulmonary vascular 
system, and (c) failure of reopacification 
of the left atrium. 

Precise anatomic demonstration of the 
site of anomalous connection of the pul- 
monary veins with the portal venous sys- 
tem may be established through angio- 
cardiography. The characteristic finding is 
opacification of the anomalous venous 
channel with accumulation of contrast 
medium in the region of the porta hepatis. 
Low cardiac output and obstruction to 
pulmonary venous flow may combine to 
cause late or scant opacification of the 
anomalous pulmonary venous trunk. There- 
fore, the angiocardiographic study should 
be programmed to include roentgenograms 
taken ten to twelve seconds after the injec- 
tion is made. 

In Case tv, the diagnosis of total anoma- 
lous venous connection with obstruction 
was made on the basis of the presence of 
each of the aforementioned features. The 
significance of the opacification shown in 
Figure 12, E and F was not fully appreci- 
ated until pathologic confirmation. 

A helpful clinical sign in each of our 4 
cases was intensification of dyspnea and 
cyanosis during feeding. If one recalls that 
the anomalous common pulmonary venous 
trunk accompanies the esophagus through 
the same hiatus of the diaphragm, this 
clinical feature may be explained. 

In total anomalous connection of the 
pulmonary veins to the portal venous sys- 
tem, the universal mortality of patients in 
the first few months of life dictates a 
prompt attempt to establish a definitive 
diagnosis. Following diagnosis, immediate 
surgical correction of the anomaly should 
be planned. On the basis of our experience 
to date, we believe that a cardiopulmonary 
bypass procedure should be utilized to 
allow the surgeon ample opportunity to 
make an adequate and accurately placed 
anastomosis. It is imperative that a patent 
ductus arteriosus, if present, be ligated 
prior to the institution of bypass. We feel 
that the anomalous pulmonary venous 
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trunk should be left patent, since the high 
resistance imposed by this anomalous 
route of flow favors drainage through the 
anastomotic site but at the same time pro- 
vides a safety valve should the left atrium 
be unable to accept the whole pulmonary 
venous return immediately. This pulmo- 
nary venous trunk could be ligated later if 
necessary. Only experience will indicate 
whether such a channel left open will close 
spontaneously if the anastomotic connec- 
tions are adequate. 


SUMMARY 

1. The universal early mortality in pa- 
tients with total anomalous venous connec- 
tion to the portal venous system without 
major associated cardiac lesions necessi- 
tates prompt diagnostic and therapeutic 
measures. 

2. The anatomic features present in this 
form of anomalous pulmonary venous con- 
nection are responsible for pulmonary ve- 
nous obstruction. 

3. On the basis of the clinical, physical, 
electrocardiographic, and routine roent- 
genographic findings, a diagnosis of pul- 
monary venous obstruction may be made 
in these patients. 

4. Angiocardiography provides confir- 
mation of the pulmonary venous obstruc- 
tion and allows a definitive anatomic diag- 
nosis of total anomalous pulmonary ve- 
nous connection to the portal venous sys- 
tem. 

5. Attempts to correct this condition 
surgically in 2 of 4 patients met with fail- 
ure, but on the basis of this experience, it 
is believed that surgical correction of this 
defect remains feasible. 

Richard G. Lester, M.D. 
Department of Radiology 
Medical College of Virginia 
Richmond 19, Virginia 
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CONGENITAL PULMONARY LYMPHANGIECTASIS* 
REPORT OF A CASE WITH ROENTGEN FINDINGS 


By R. W. CARTER, M.D., and H. M. VAUGHN, M.D. 


BIRMINGHAM, ALABAMA 


ONGENITAL pulmonary lymphangi- 

ectasis, although relatively rare, has 
been fairly frequently the subject of papers 
appearing in the pathologic literature. It 
has been variously termed “congenital 
lymphangiomatosis of the lung,’ ‘‘con- 
genital pulmonary cystic lymphangiecta- 
sis,”'* and “congenital dilatation of pul- 
monary lymphatics.”* Twenty-one cases 
have been reported in the world literature 
according to Frank and Piper! in their 
article published in 1959; however, we 
have been unable to find any description 
of this condition in the radiologic litera- 
ture. 

The cases previously described, as well 
as the present case, appear to have a fairly 
uniform clinical picture: that of neonatal 
respiratory distress and cyanosis with 
death occurring in a few hours or a few 
days. Some cases have also been observed 
in stillborns. Most often, the delivery and 
gestation have been uneventful. 

Of the cases reported, we have been able 
to find only 2 of which roentgenograms 
were made. These, in addition to the pres- 
ent case, apparently represent the only 
cases of congenital pulmonary lymph- 
angiectasis which have been brought to the 
attention of the radiologist. Because of the 
clinical similarity of this disease to other 
conditions more familiar to the radiologist, 
we feel that our patient in whom the roent- 
genographic findings could not be distin- 
guished from those of hyaline membrane 
disease or fetal atelectasis is worthy of re- 
porting. Maidman and Barnett’ have 
stated, “It is apparent from a review of all 
cases that this entity . . . must be included 
with other disease processes responsible for 
neonatal cyanosis and, unfortunately, can 


5 


be positively identified only by means of 
autopsy.” 

The roentgenograms of the 2 previously 
reported cases appear to be similar to those 
of the present case, although the changes 
are probably more marked. The findings 
were described as “bilateral multiple scat- 
tered densities,” and enlarged heart 
and increased opacity of both lung fields 
with some mottling suggestive of diffuse 
cystic change.” In the latter case, the 
heart appeared “somewhat dilated” at 
necropsy, so definite cardiomegaly may 
not have been present.‘ 


REPORT OF A CASE 


On November 1, 1960, at 10:45 P.M., the pa- 
tient was born at full term by low forceps de- 
livery. He weighed 7 pounds and 6 ounces. At 
birth, the heart rate was rapid, respirations 
were rapid and shallow, and the infant was 
cyanotic. The liver was thought to be enlarged. 
The infant was placed in a rocking-bed respira- 
tor and given moist oxygen. 

A portable anteroposterior chest roentgeno- 
gram made approximately twelve hours follow- 
ing birth showed a normal heart, widening of 
the anterior and superior mediastinal regions, 
indicating a thymus gland, fine granular den- 
sities distributed throughout both lungs and a 
normal position of the diaphragm. The bony 
thorax showed no abnormality. The diffuse 
granular pulmonary densities, coupled with the 
clinical history, were thought to represent 
hyaline membrane disease (ig. 1, 4 and B). 

About fourteen hours after birth, the infant 
was digitalized and a liquefying agent (Chymar 
aqueous) was given. Penicillin therapy was also 
started. The infant failed to respond and ex- 
pired approximately sixteen hours after birth. 

At autopsy, the liver was four d to be grossly 
enlarged, extending into the left side of the ab- 
domen. The sinusoids were dilated and filled 


* From the Department of Radiology, The Norwood Clinic and Carraway Methodist Hospital, Birmingham. Alabama. 


6 


Bin 
| 
( 


ay 


pa- 
de- 
At 
ons 
was 
zed. 
ira- 


eno- 
low- 
g of 
ions, 
den- 
nda 
bony 
ffuse 
h the 
esent 
B). 
nfant 
s also 
id ex- 
rth. 
rossly 
he ab- 
filled 


Kic. 1. (4) Fine granular densities are distributed throughout both lungs, representing markedly dilated 
cystic lymphatics. This picture cannot be distinguished from that in hyaline membrane disease or in fetal 
atelectasis. (B) Detail of the right lower lung field shows the ditfuse granular densities. 


with blood. Scattered throughout the liver were 


numerous small collections of immature blood 
cells. The thymus was of normal size and 
showed numerous areas of hemorrhage which 
were relatively small, although in some in- 
stances, the hemorrhage became confluent and 
covered a fairly large area. The heart was nor- 
mal. 

Both lungs were of normal size. The pleural 
surfaces were smooth and glistening. The sur- 
face and cut surface of both lungs were of a 
healthy pink color. Microscopic examination 
showed the alveolar spaces to be moderately 
enlarged. In the interstitial tissue and particu- 
larly just beneath the pleura, the lymphatics 
were markedly dilated. This picture was noted 
in all of the sections of lung studied micro- 
scopically. In some areas, the alveolar spaces 
contained a few squames; however, there was 
very little inflammatory reaction at any point 
in the lungs. No evidence of hyaline membrane 
disease was found (ig. 2). 

A physiologic patent ductus arteriosus and 
patent foramen ovale were noted. The cranial 
cavity was not entered. 

The final anatomic diagnosis was (1) con- 
genital pulmonary lymphangiectasis, (2) 


passive congestion of the liver, (3) petechiae of 


the thymus, (4) extramedullary hematopoiesis 
of the liver, (5) patent foramen ovale (physi- 
ologic), and (6) patent ductus arteriosus (physi- 
ologic.) 


COMMENT 


Congenital pulmonary lymphangiectasis 
Is a condition occurring in newborns and to 


lic. 2. Photomicrograph showing the dilated lym- 


phatics in the lung. 
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a lesser extent in stillborns. In most in- 
stances gestation and delivery are normal 
but the child commences to have respira- 
tory distress and cyanosis within minutes 
or a few hours after birth. Because of the 
increasing frequency with which roentgen- 
ography of the newborn in respiratory dis- 
tress is performed, it is important that the 
radiologist be aware of this disease and its 
roentgen similarity to more familiar condi- 
tions. Although we have been unable to 
find a description of the roentgen findings 
in the radiologic literature, it is likely that 
this condition is much more common than 
previously realized, and that many cases 
formerly diagnosed as congenital heart dis- 
ease, hyaline membrane disease, fetal 
atelectasis, etc., and which were not path- 
ologically confirmed may have represented 
this condition. It is anticipated that this 
diagnosis will be made more frequently in 
the future. 


SUMMARY 

1. The first case of congenital pulmo- 
nary lymphangiectasis reported in the radio- 
logic literature is presented. 
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2. The clinical symptoms of congenital 
pulmonary lymphangiectasis simulate hy- 
aline membrane disease and some types of 
congenital heart disease. 

3. The roentgenographic findings in con- 
genital lymphangiectasis of fine granular 
densities distributed throughout the lungs 
simulate those of hyaline membrane dis- 
ease and fetal atelectasis. 


R. W. Carter, M.D. 

The Norwood Clinic 
1529 North 25th Street 
Birmingham 4, Alabama 
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ESOPHAGEAL STRICTURE FOLLOWING INGESTION 
OF CLINITEST TABLETS* 


By JACK G. RABINOWITZ, M.D., and STANLEY TCHANG, M.D. 


BROOKLYN, NEW YORK 


SOPHAGEAL strictures following the 

accidental ingestion of Clinitest tablets 
have recently been described in the pedi- 
atric and otolaryngologic literature. These 
commercially available tablets are used at 
home by patients with diabetes to test for 
glycosuria. The tablets contain anhydrous 
sodium hydroxide and therefore represent 
a new type of lve ingestion hazard. Since 
the Clinitest stricture has certain char- 
acteristic features, a report of such a case 
in the radiologic literature appears justi- 
fiable. 


REPORT OF A CASE 


A sixteen year old girl was admitted to the 
Kings County Hospital on July 13, 1959, one 
day after she inadvertently swallowed two 
Clinitest tablets, used by her father, a diabetic. 
She had mistaken them for aspirin. Immedi- 
ately after swallowing the pills the patient felt a 
burning sensation substernally regur- 
gitated the partially dissolved tablets. Inas- 
much as the burning sensation persisted the pa- 
tient was admitted tor observation. There were 
no abnormal physical findings. Ksophagoscopic 
examination on July 15, 1959 revealed only 
minimal congestion of the esophagus. She was 
treated for her symptoms, improved clinically 
and left the hospital two days later. One week 
thereafter she began to have difficulty swallow- 
ing solid foods. She experienced a sensation of 
heaviness in the chest during and after meals. 
This was associated with occasional vomiting. 
She returned to the hospital and a roentgeno- 
logic examination of the esophagus on July 30, 
1959, revealed a short, well circumscribed con- 
striction at the junction of the middle and 
lower thirds of the esophagus (ig. 14). A 
small ulcer crater arose from the posterior as 
pect of the constricted area (Mig. 1B). The 
esophagus was not dilated proximal to the 
lesion and there was no delay in the descent of 


the thick barium mixture. Exophagoscopic 
examination revealed a short ring-like stricture 
approximately 33 cm. from the upper incisor 
teeth. Stretching with Hurst dilators was per- 
formed almost daily until a No. 28 dilator was 
passed. An esophagram obtained on August 10, 
1959 showed some widening of the previously 
noted stricture and no ulceration was noted. 
The patient had no further difficulty in swallow- 
ing solid foods and was discharged from the 
hospital on August 13, 1959. 


PATHOGENESIS 


Caustic urine-sugar reagent tablets 
(Clinitest) contain sodium hydroxide, 
sodium bicarbonate, citric acid and copper 
sulfate. Sodium hydroxide liberates a large 
amount of heat on hydration when placed in 
solution and if this occurs in the esophagus 
a thermal burn of the mucosa results. The 
caustic action of sodium hydroxide causes 
direct necrosis. Copper sulfate is both 
astringent and 

Dittuse edema is the initial pathologic 
ettect of lye ingestion. Occasionally, this 
may be demonstrated by an esophagram. 
However, roentgenologic studies performed 
during this phase in the previously re- 
ported cases of Clinitest tablet ingestion 
have revealed no changes of diagnostic or 
prognostic Liquefaction 
necrosis follows rapidly with sloughing of 
the necrotic material. Repair begins at 
about the end of the second week and the 
resulting fibrosis leads to stricture forma- 
tion. 

Since the accident under consideration in 
all likelihood involves the arrest of a firm 
tablet during its passage through the 
esophagus, it is quite understandable that 
the resultant stricture is short and ring- 


* From the Departments of Radiology, State University of New York Downstate Medical Center and the Kings County Hospital 


Center, Brooklyn, New York. 
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Fic. 1. (4) Roentgenogram demonstrates the short, ring-like stenosis of the esophagus at approximately the 
junction of the middle and lower thirds. The esophagus proximal and distal to this area is normal. (B) Spot 
roentgenogram of the strictured area shows the small ulcer crater arising from the posterior portion of the 


esophageal wall. 


like. This differs from the usual type of lve 
ingestion—drinking a caustic solution—in 
which the stricture 1s usually elongated and 
has tapered ends. Arrest of the tablet can 
apparently occur at any of the usual areas 
of anatomic or physiologic narrowing par- 
ticularly if only small amounts of water 
are ingested with the tablet. The previous 
case reports in the literature describe the 
occurrence of strictures in all portions of 
the esophagus. No changes need be pro- 
duced if there is sufficiently rapid passage 
of the tablet through the esophagus or if 
an adequate amount of fluid is ingested 
simultaneously. One patient has been re- 
ported to have taken one tablet four times 
a day for several weeks. However, each 
tablet was swallowed with a full glass of 
water and no esophageal or gastric dis- 
orders were noted on follow-up examina- 
tions.!° The stomach usually remains un- 


injured because of the neutralizing ettect of 
the acid gastric secretions and the protec- 
tive effect of gastric mucin. 
ROENTGEN FINDINGS 

The diagnosis of caustic tablet (e.g., 
Clinitest) stricture should be thought of 
when there is a smooth-walled, sharply- 
circumscribed, short ring-like constriction 
of the esophagus in an otherwise normal 
esophagus (Fig. 1, .7 and B). Because ulcer 
formation within the stricture is quite 
common, the lesion must be distinguished 
from peptic esophagitis. The latter 1s most 
frequently seen in the lower third of the 
esophagus and is often associated with an 
hiatus hernia. Ulceration arising in hetero- 
topic gastric mucosa may produce the radi- 
ating mucosal folds so commonly found 
in gastric ulcers. The constricting annular 
“lower esophageal ring” should be easy to 
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distinguish because of its location at the 
gastroesophageal mucosal junction and its 
typical diaphragm-like appearance.‘ Dif- 
fuse systemic sclerosis with esophageal 
stricture formation has the characteristics 
of a chronic diffuse esophagitis. The pres- 
ence of characteristic changes in peristalsis 
and in the emptying mechanism together 
with scleroderma involving the hands, feet 
or face should lead to the correct diagnosis. 
Epidermolysis bullosa produces an_ eso- 
phageal stricture which is usually smooth, 
somewhat lengthy and tapers at both ends. 
It is always accompanied by cutaneous 
manifestations.! Congenital esophageal 
webs are usually located on the anterior 
wall of the esophagus at the level of the 
cricoid cartilage. Conceivably, an infiltra- 
tive neoplasm could simulate a_ benign 
stricture but since most of the reported 
cases are in children the differential diag- 
nosis of a neoplasm may arise in only the 
occasional case found in adults. 


CLINICAL COURSE 


Of the 7 cases thus far reported in the 
literature, 5 have been in children. The 
clinical course following the ingestion of 
Clinitest tablets is quite similar to that 
following ordinary lve ingestion. Early 
cortisone and antibiotic therapy has been 
recommended to prevent stricture forma- 
tion.® Treatment in our case has been 
limited essentially to bougienage. Whether 
more dilatation will be required in the 
future cannot be determined at this time. 
Where persistent narrowing existed, simple 
resection with end to end anastomosis has 
been 


SUMMARY 

Caustic urine-sugar reagent tablets 
(Clinitest tablets) are widely used by the 
laity and cases of accidental ingestion con- 
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tinue to occur. The radiologist should 
be aware of the characteristic smooth- 
walled, sharply circumscribed, short ring- 
like stricture which may be produced. 


Jack G. Rabinowitz, M.D. 
Department of Radiology 
State University of New York 
Downstate Medical Center 
Brooklyn 3, New York 


REFERENCES 


1. Atpert, M. Roentgen manifestations of epider- 
molysis bullosa. Am. J. RoenrGenot., Rap. 
TuHerapy & NucLear Mep., 1957, 78, 66-72. 

. Bioomer, W. E., and Kircuner, J. A. Esopha- 
geal stricture due to Clinitest. Connecticut 
M. 7., 1955, 79, 91-92. 

3. Cansy, J. P. Clinitest produced esophageal stric- 

ture. 7. Pediat., 1957, 50, 68-70. 

4. MacManon, H. E., Scuarzxi, R., and Gary, 
J. E. Pathology of lower esophageal ring; re- 
port of case, with autopsy, observed for nine 
years. New England F. Med., 1958, 259, 1-8. 

5. McFappen, R. L. Stricture of esophagus due to 
accidental ingestion of Clinitest tablet. our- 
nal-Lancet, 1958, 78, §33-534- 

6. Metis, H. Z. Esophageal ulcer in infancy. 
Am. J. RoenrGenou., Rap. THEerapy & Nu- 
CLEAR Me_b., 1952, 68, 634-638. 

7. Owens, H. Chemical burns of esophagus: Im- 
portance of various chemicals as etiologic 
agents in stricture formation. 4.M.A. Arch. 
Otolaryng.,1954, 60, 482-486. 

8. Ray, E. S., and Morean, D. L. Cortisone ther- 
apy of lye burns of esophagus. 7. Pediat., 1956, 
49, 394-397- 

g. StorHers, H. H. Chemical burns and strictures 
of esophagus. 4.M.A. Arch. Otolaryng., 1952, 
50, 262-276. 

io. Tomsovic, E. J., and Javin, H. Cicatricial sten- 
osis of esophagus following ingestion of single 
urine-sugar reagent tablet. ¥. Pediat., 1958, 
53, 608-61 4. 

it. Vareas, L. L., Brirron, R. C., and Goopman, 

E. N. Congenital esophageal stenosis; report of 
case of annular muscle hypertrophy at eso- 
phagogastric junction. New England F. Med., 
1956, 255, 1224-1227. 

12. ZIMMERMAN, C. Esophageal stricture from acci- 
dental ingestion of Clinitest tablets. 4... 

F. Dis. Child., 19§9, 97, 101-103. 


to 


Graz 


gh 
Pe... 
the 
pot 
the 
ot 
) 


SEPTEMBER, 1961 


ANOMALOUS POSITION OF THE FOREGUT* 


By BERTA M. RUBINSTEIN, M.D., HOWARD BLOOM, M.D., REGINA GLUCK, M.D., 
and MILTON J. H. GRAND, M.D. 


NEW YORK, NEW YORK 


ANY excellent reviews on malrota- 

tion of the bowel have appeared in re- 
cent publications, but these have dealt for 
the greater part with abnormalities in the 
embryologic positioning of the midgut por- 
tion of the primitive gastrointestinal tract. 
Little has been said, regarding the anom- 
alous position of the foregut and_ its 
anlage. The case presented is a two and 
one-half vear old white girl with congenital 
heart disease. While undergoing routine 
roentgenologic examination for this con- 
dition, she was found to have an ab- 
normally located stomach, which at first 
suggested situs inversus, but was later 
shown to be a case of failure of rotation of 
the foregut. 


REPORT OF A CASE 


This two and one-half year old female was 
first seen at Montefiore Hospital on March 16, 
19$9 for investigation of congenital heart dis- 
ease. Her birth weight on March 3, 1956 was 
7 pounds 15 ounces. Cyanosis was noted shortly 
after birth and vomiting occurred at the same 
time. Roentgen findings at that time indicated 
an “‘upside down stomach with partial obstruc- 
tion.” She was transferred to Meadowbrook 
Hospital at the age of one week, and repeat 
roentgenograms indicated “‘situs inversus ab- 
dominalis with no obstruction.” The vomiting 
was controlled by careful feeding, and the 
gastrointestinal disturbances subsided. At the 
age of two weeks she went into acute cardiac 
failure which was controlled with digitalis. She 
was discharged at the age of one month, when 
she had regained her birth weight. The patient 
did well at home except for persistence of 
slight cyanosis. At the age of five months, fol- 
lowing an episode of diarrhea, the cyanosis in- 
creased and she went into syncope during cry- 
ing spells. She suffered no further episodes of 
cardiac embarrassment, but she developed 


slowly, and by the age of two years, she could 
not walk without support and weighed only 18 
pounds 10 ounces. In June, 1958, at the age of 
twenty-six months, she developed a left hemi- 
plegia and congestive heart failure. She was 
digitalized, and put on mercurials and salt 
restriction, but her condition did not clear up, 
and she was admitted to Montefiore Hospital 
for further investigation. 

Physical examination revealed an underde- 
veloped girl who had resting cyanosis, clubbing 
of the fingers and toes and peripheral edema. 
Rales were heard in both lungs and fluid was 
present. The liver was palpated 6 cm. below the 
right costal margin. The blood pressure was 
go 60, and the heart rate was regular at 120 per 
minute with a loud systolic murmur, heard best 
in the left fourth interspace at the sternal edge. 
A precordial bulge was evident and the heart 
was enlarged to percussion, On neurologic ex- 
amination no residual of her earlier hemiplegia 
was found. 

Laboratory Data. Hematocrit was 66 per cent, 
the hemoglobin was 20 gm. per cent, the red 
blood cell count was 7,230,000 per cu. mm., the 
white blood cell count was 8,goo per cu. mm. 
with 7g per cent polymorphonuclears, 20 per 
cent lymphocytes and 1 per cent monocytes. 
The platelet count was 170,000 per cu. mm. 
Specific gravity of the urine was 1.009 with a 
trace of albumin but without sugar or white 
cells. An electrocardiogram revealed right 
ventricular hypertrophy. 

Roentgen Findings. Vluoroscopy showed a 
bizarre cardiac shadow consistent with trans- 
position of the great vessels. Roentgenography 
with barium in the esophagus (lig. 1 and 2) dis- 
closed marked enlargement of the cardiac 
silhouette with the left border reaching almost 
to the left lateral chest wall. These studies and 
roentgenograms of the upper gastrointestinal 
tract showed the stomach to be located in the 
right side of the abdominal cavity with the 
vreater curvature on the right and the lesser 
curvature on the left (Mig. 1 and 3). The pylorus 
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and first part of the duodenum pointed across 
the midline to the left and anteriorly (Fig. 1, 2 
and 4). The liver, however, was in the right 
upper quadrant (Fig. 3). On this basis, the 
diagnosis of failure of rotation of the foregut 
was made, rather than situs inversus abdomi- 
nalis. 

A selective angiocardiogram using 70 per 
cent Urokon outlined a large left ventricle, 
which gave rise to the aorta, situated to the 
left of the left pulmonary artery. The right and 
left pulmonary arteries were well visualized, 
but the main pulmonary artery could not be 
clearly delineated. 

In view of the inability to establish a defini- 
tive diagnosis, a second injection was made into 
the left ventricle since the catheter could easily 
be passed through a large interatrial septal de- 
fect. During this second procedure, the child 
developed ventricular extrasystoles and then 
went into ventricular fibrillation with cardiac 
arrest. She did not respond to cardiac massage 
and died. 

Necropsy Findings. At necropsy performed 


Fic, 1. Posteroanterior chest roentgenogram with the 
esophagus and upper stomach opacified with bar- 
ium shows the heart markedly enlarged in its 
transverse diameter. The lower half of the esopha- 
gus is bowed to the right and the stomach is seen 
well to the right of the midline. 
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Kic. 2. A lateral roentgenogram of the chest with the 
esophagus, stomach and duodenal bulb opacified 
with barium shows the pylorus and duodenal cap 
pointed forward. Gas is seen in the postbulbar duo- 
denal segment which is far anterior to its usual 
sition. 


five hours after death, 100 cc. of clear yellow 
fluid was found in the peritoneal cavity. The 
position of the esophagus was unremarkable 
and it terminated in the cardia of the stomach 
at about 1 cm. beyond the diaphragmatic hiatus. 
The stomach lay within the right upper quad- 
rant of the abdominal cavity with the cardia 
and greater curvature lying on the right while 
the lesser curvature was on the left. The py- 
lorus pointed across the midline from the right 
side and the first part of the duodenum pointed 
anteriorly. The duodenum then continued to 
form a normal loop which was, however, con- 
cave to the right and terminated at the duo- 
denojejunal junction which lay in the right 
upper quadrant. The jejunum and ileum were 
completely patent but were abnormally located, 
lying almost completely in the right lower 
quadrant of the abdominal cavity. The 
terminal ileum ascended in the midline up 
toward the diaphragm and entered the cecum 


j 
A aa 
3 
> 
st 
el 
US 
rk, 
> 


584 


Fic. 3. A frontal plane roentgenogram made during 
an upper gastrointestinal tract examination shows 
the barium-filled stomach to be well to the right of 
the midline. The greater curvature of the stomach 
is on the right side. The entire small bowel lies 
mostly on the right side of the abdomen. An 
opacity representing the liver is seen in the right 
upper quadrant. 


at this point. The cecum, appendix and large 
bowel were unremarkable in appearance with 
no evidence of diverticula or stenosis, but were 
abnormally situated. The cecum lay in the 
upper part of the abdominal cavity near the 
midsagittal plane, while the colon ran from this 
point across the left half of the upper abdominal 
cavity to the splenic flexure, at which point it 
made a right angle turn and descended _ nor- 
mally along the left side of the peritoneal cavity 
to the rectum, which descended in the midline 
of the pelvis to the anal orifice. In addition, the 
whole segment of colon was suspended from the 
posterior abdominal wall by a thin mesentery. 
The liver was normally situated in the right 
upper quadrant and appeared unremarkable. 
The head of the pancreas lay within the loop of 
the duodenum on the left side of the peritoneal 
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cavity and extended across the midline to the 
right with the tail of the pancreas lying in the 
vicinity of the gallbladder. No spleen was noted 
within the peritoneal cavity and the normal 
peritoneal reflections could not be traced. The 
foramen of Winslow was also not identified. No 
other abnormalities were noted within the 
peritoneal cavity. In the thoracic cavity, no 
pericardial or pleural effusions were noted, but 
the lungs were grossly atelectatic and appeared 
to be compressed by a greatly enlarged heart 
which weighed 1go gm. The heart was a cor bi- 
loculare with a rudimentary right ventricle, an 
inter-atrial septum secundum defect, an inter- 
ventricular atrioventricular communis defect, 
an infundibular pulmonic stenosis and_ total 
anomalous pulmonary venous drainage. The 
pulmonary artery and aorta both arose from 


Kic. 4. A lateral roentgenogram made during an up- 
per gastrointestinal tract examination confirms 
the impression obtained from Figure 2 where the 
pylorus and the duodenum are seen directed an- 
teriorly. 
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the common left ventricle with the pulmo- 
nary valve ring lying to the right of the aortic 
valve ring. The peripheral distribution of the 
vessels from the pulmonary artery and aorta 
was unremarkable and the ductus arteriosus 
was not patent. This case, therefore, demon- 
strates multiple congenital anomalies involving 
the heart and gastrointestinal tract, as well as 
asplenia. 
DISCUSSION 
The primitive gastrointestinal tract de- 
velops as a straight tube suspended in the 
sagittal plane by a common dorsal mesen- 
tery. It may be divided into the foregut, 
i.e., from the mouth to the duodenojejunal 
junction; the midgut, 7.e., from the duo- 
denojejunal junction to the midtransverse 
colon; and the hindgut, 7.e., from the mid- 
transverse colon to the anus. 


FIRST STAGE OF MIDGUT ROTATION 

As the primitive intestinal tract elon- 
gates, it bulges through the umbilical 
orifice into the primitive umbilical cord as 
a temporary physiologic umbilical hernia- 
tion. Failure of rotation beyond the first 
stage and retention of the midgut loop in 
the umbilical stalk at birth results in a con- 
dition known as omphalocele. 


SECOND STAGE OF MIDGUT ROTATION 


Nonrotation. The midgut loop is_ re- 
turned to the peritoneal cavity from the 
temporary umbilical herniation without 
having rotated beyond the horizontal plane 
it occupied at the end of the first stage. 

The small bowel is entirely in the right 
side of the abdomen, the colon in the left. 
The terminal ileum crosses the midline to 
enter the cecum from the right. The duo- 
denum descends entirely on the right side 
of the vertebral column. Internal hernias 
are explained as anomalies of intestinal ro- 
tation. 

Paraduodenal Hernia. Vhis is represented 
by imprisonment of the small bowel under 
the mesentery of the right colon during the 
process of fixation of the midgut loop after 
its rotation, 

Reversed Rotation. Clockwise instead of 
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counterclockwise rotation of 180° occurs 
during this stage. The transverse colon lies 
under the superior mesenteric artery and 
the duodenum above it. 


THIRD STAGE OF MIDGUT ROTATION 


This entity is characterized by descent 
of the cecum from the subhepatic position 
into the right lower quadrant and fixation 
of the mesentery of the cecum and ascend- 
ing colon in the right flank. 

An anomaly of the third stage is the sub- 
hepatic cecum. The cecum fails to elongate 
and descend into the right iliac fossa. If, 
with the cecum in this position, there is 
also failure of fixation of the small bowel 
mesentery on a broad attachment to the 
posterior abdominal wall, volvulus of the 
entire small intestine may occur. Other 
anomalies include retrocecal appendix and 
mobile cecum which we will not discuss 
here. 


COMMENT 


Omphalocele as the prime anomaly of 
the first stage of midgut rotation, errors of 
the second stage of midgut rotation giving 
rise to torsion of bowel segments on an ab- 
normally persistent mesentery with bowel 
obstruction, and internal hernias have 
been adequately described in the literature. 
However, cases of the most primitive posi- 
tion of the upper gastrointestinal tract 
with failure of fetal rotation of the stomach 
before the first stage of midgut rotation 
(prior to descent of the gastrointestinal 
tube into the umbilical cord) have rarely 
been reported. 

Catfey, in his book of Pediatric X-ray 
Diagnosis describes congenital micro- 
gastria and lack of fetal rotation of the 
stomach with failure of the greater and 
lesser curvature to develop. There is no 
differentiation into the fundus, body, 
antrum and pyloric canal. The tiny tubular 
stomach remains in the midsagittal plane 
and is joined from above and behind at its 
summit by the esophagus. The duodenum 
projects directly ventrad from the pyloric 
end of the stomach. Vomiting from birth, 
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hematemesis, loss of weight, and secondary 
anemia are the chief clinical findings. 

Our case is an example of the most primi- 
tive stomach lying in the right upper 
quadrant in the midsagittal plane with the 
pylorus and duodenal bulb directed ven- 
trad. Failure of rotation of the foregut, in 
addition to anomalies of second stage mid- 
gut rotation, multiple congenital cardiac 
anomalies and asplenia were noted. 

The combination of an absent spleen 
and congenital heart disease, also found by 
other investigators,':*'’ is apparently more 
than coincidental. 


SUMMARY AND CONCLUSION 


A case of anomalous position of the fore- 
gut and multiple congenital heart ab- 
normalities as well as asplenia in a two and 
one-half year old female is presented in 
which the foregut anomaly was visualized 
by barium opacification. The roentgen find- 
ings were confirmed on autopsy. 

The position of the stomach and duo- 
denum in this case reflects the most primi- 
tive position of the foregut. The stages of 
midgut rotation and other gut anomalies 
are briefy described. 


Berta Rubinstein, M.D. 
Montefiore Hospital 

21oth St. & Bainbridge Avenue 
New York 67, New York 
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HYPERTROPHIC HEMANGIOENDOTHELIOMA 
OF INFANCY* 


SUCCESSFUL MANAGEMENT OF 


A CASE WITH THE 


PATHOLOGIC 


AND ROENTGEN THERAPY CRITERIA 


By EDWIN J. LIEBNER, M.D. 


CHICAGO, 


HE purpose of this report is to de- 

scribe the successful management of a 
hemangioendothelioma of muscle in a new- 
born infant. A review of the pertinent lit- 
erature is made and certain basic principles 
are stressed. The textbooks on radiother- 
apy give little information on this entity. 
The pathologic diagnosis can often lead to 
confusion, and the surgeon must be alerted 
to avoid extensive mutilating procedures. 
It is hoped that proper direction can be 
given from the experience gained in this 
study. 

The difficulties that can arise in the 
pathologic diagnosis, in the surgical ap- 
proach, and in the necessity for prolonged 
fractionation of radiation dosage are well 
illustrated in the following case report. The 
mother’s refusal of surgical procedures, 
early and again later in the course, is prob- 
ably the most significant factor in the re- 
sults obtained. 


REPORT OF A CASE 


This four day old white female was admitted 
to the University of Illinois Hospitals on August 
10, 1956. She was born at full term, delivery was 
spontaneous and she weighed 7 pounds. At 
birth, a large tumor on the left side of the upper 
back and scapula extending over the left clav- 
icle and into the left side of the neck was noted 
(lig. 1,.7 and B). The mass felt both hard and 
cystic in different areas. There appeared to be a 
light bluish tinge to the skin but the skin itself 
was not involved (Fig. White. blood cell 
count was 15,000, neutrophiles 83 per cent, 
lymphocytes 12 per cent, and monocytes § per 
cent, with adequate platelets. 

The parents were opposed to any mutilating 
procedure of amputation of the arm. However, 
they did consent to a biopsy. On August 13, 
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1956, under general anesthesia the patient was 
explored. An incision was made over the mass 
posteriorly for at least 10 cm. The tumor mass 
lay beneath the latissimus dorsi, rhomboid and 
trapezius muscles. Biopsy of the mass was 
taken at the medial border, which was adja- 
cent to the spinous processes and transverse 
processes of the vertebral bodies. There was no 
paraspinous musculature in this area. Since the 
parents had denied permission for removal of 
the entire upper extremity and the surgeon felt 
that local excision could not be accomplished, 
only a biopsy was done. 

A frozen section was reported as a highly 
cellular sarcoma. Subsequent study of the 
tissue revealed sheets of tumor cells with small 
oval nuclei arranged in an irregular closely 
interwoven pattern. In some areas the cells had 
larger, pale staining nuclei and indistinct cyto- 
plasm. In other areas the cells were spindle 
shaped and there were numerous small vascu- 
lar spaces of capillary size, some containing red 
blood cells. The final impression was “‘malig- 
nant tumor of the shoulder region, with heman- 
gioendotheliomatous qualities” (Fig. 3). 

Krom August 23, 1956, to September 28, 
1956, the patient received the first course of 
irradiation via multiple small 4X5 cm. oblique 
portals (anterior and posterior superior and in- 
ferior, and posterior medial and lateral) from a 
220 kv. machine, 1.12 mm. Cu half value layer, 
50 cm. distance, with a daily dose of 75 r toa 
portal. Each of five portals received approxi- 
mately 7oo r air dose. 

In the early spring of 1957, the mother re- 
ported that there was some decrease in the size 
of the tumor (Fig. 4). A second course of ir- 
radiation was given June 19, 1957, to July 17, 
1957, through eight small 4X5 cm. oblique 
tangential portals. The same quality of radia- 
tion was used as in the first course and each of 
the portals received a total air dose of 650 r. In 
the ensuing six months the surgeons felt that 
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Fic. 1. (4) Anteroposterior and (B) left anterior oblique roentgenograms of the chest when the patient was 
nine days old. Note the large soft tissue tumor and the extent of deformity of the left upper thoracic rib 
cage. There is separation of the transverse processes of the lower cervical and upper thoracic vertebrae. 


the lesion was now resectable, but the mother 
refused any surgical intervention. 

In 1958, there was further slow steady reduc- 
tion in the size of the mass. By this time there 
was no deformity of the thoracic rib cage (hig. 
5). The patient, when seen in January, 1961, 
revealed only the scar from the previous biopsy 
and a slight defect from the lack of develop- 
ment of normal musculature along the left 
superior paraspinal region, the site of previous 
tumor (Fig. 6). 


DISCUSSION 


Dargeon! cites a good clinicopathologic 
classification of lesions of vascular origin. 


Of the twelve categories, only two are of 


Fic. 2. Clinical appearance before irradiation, when 
the patient was seventeen days old. Note the lack 
of any skin involvement. 


concern in this presentation: (a) hyper- 
trophic hemangioma, and (b) hemangio- 
endothelioma. His illustration of 2 cases of 
the hypertrophic form are exceedingly 
pertinent. One of them is a diffuse subcu- 
taneous lesion of the skin itself. This 
grossly resembles the case being presented. 
However, all of his tabulated hypertrophic 
cases have associated thrombocytopenic 
purpura. Dargeon also stated that in the 
therapy of this lesion, roentgen therapy is 
frequently unsatisfactory and surgery may 
be required. Southard ef reported a 
twenty-one day old infant who had a cap- 
lary hemangioma of the left leg and pur- 
pura. The lesion received 3,360 r in twenty 
days, and three weeks later had completely 
disappeared. Three months later, a second 
course of 2,400 r was given for an exten- 
sion. Contracture and radiation fibrosis 
was reported. 

Watson and McCarthy® have written on 
a hypertrophic or angioblastic type of 
hemangioma. They stated that this ap- 
pears chiefly in the skin as a solid elevated 
purplish red lesion. They further com- 
mented on the histologic features as being 
masses of cells with a minimum of patent 
vessels. The pure type can be mistaken for 
hemangiosarcoma and is frequently recur- 
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ic. 3. Microscopic section of the biopsy specimen (X 360). The tumor was reported as 
malignant with hemangioendotheliomatous characteristics. 


rent after surgery, which indicates its local 
aggressiveness. 

Stout!’ has contributed greatly to the 
understanding of the pathology of malig- 
nant tumors of vascular origin. All are 
characterized by the formation of vascular 
channels, but with different cells playing a 
dominant role in tumor growth. If cells of the 
inner lining are predominant, we have (a) 
the hemangioendothelioma; if the muscular 
laver of the vessel is active, then (b) a 
leiomyosarcoma results; and, finally, if 
the tumor originates in cells of the outer 
surface sheath of the vessel, it is (c) the 
hemangiopericytoma. 

The reticulum stain is of great value in 
differentiating between hemangioendo- 
thelioma and hemangiopericytoma. The 
silver reticulum stain of the histologic slide 
will show that all the cells are inside of the 


reticulum sheaths and are, therefore, endo- 
thelia, while the reverse is true for the 
pericytoma. Besides this, Stout stresses 
that in a hemangioendothelioma there is 
formation of atypical endothelial cells in 
greater numbers than are required to line 
the vessels with a simple endothelial mem- 
brane, formation of vascular channels with 
a delicate framework of reticulum fibers 
and a marked tendency for their lumens to 
anastomose. The pathologic material in the 
present case was studied by the author with 
the use of the reticulum stain and it shows 
the features of a hemangioendothelioma 
as described by Stout (Fig. 7). 

In regard to the malignant qualities of 
this tumor and the prognosis, several sali- 
ent features should be emphasized. Mc- 
Carthy and Pack? and Stout! have stressed 
that there is one variety of hemangioendo- 


Fic. 4. Left shoulder and back of the infant at ten 
and one-half months of age, nine months after the 
initial irradiation and prior to the second course of 
therapy. Note the areas of tumor regression where 
the effect of irradiation from the tangential and 
oblique portals was greatest. 


Fic. 5. Anteroposterior view of the chest at the age 
of one year and five months, or six months after 
the second course of irradiation. Note the marked 
decrease of soft tissue tumor, early calcification, 
and improvement of the thoracic rib deformity. 
(Compare with Figure 1.) 
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lic. 6. The upper back four and one-half years after 
irradiation. Note the long scar resulting from the 
incision for the biopsy, and the atrophy or absence 
of muscles in this area caused by the congenital re- 
placement of any normal musculature by the tu- 
mor. The darkening of the skin is exaggerated by 
a photographic shadow, but irradiation changes 
are minimal. 


thelioma which is seen in infancy or early 
childhood and which has a rather benign 
course. McCarthy and Pack caution against 
the acceptance of the ambiguous term, 
“hemangioendothelioma,” in children. 
They further state that hemangioendo- 
thelioma connotes a highly malignant sar- 
coma (as our pathologist suggested) and 
often the surgeon desires to do an amputa- 
tion, as in our case. 

The radiation therapy of hemangioendo- 
thelioma of infancy can present difficulties 
if its proper pathologic identity is not 
recognized. Many radiotherapists are ac- 
quainted with the method and techniques 
of treating hemangiomas in infants. The 
chief criteria are early treatment with 
small doses fractionated over a long inter- 
val to supplement or augment the ten- 
dency to natural regression or spontaneous 
remission. The author believes that he- 
mangioendothelioma of infancy, especially 
the hypertrophic type, should be treated 
similarly. There is considerable danger if 
the pathologic state is not recognized and 
it is interpreted as a form of malignant sar- 
coma. The surgeon will always do radical 
surgery and the radiotherapist may be 
tempted to give a large cancerocidal dose in 
the usual short interval of four to five 
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weeks. There will be resulting skin damage 
and the normal structures will be prevented 
from developing properly. Since the child 
will survive long after the radiation has 


been given, there will be greater dangers of 


even more serious complications, such as 
cancer developing in the skin and bone in 
the long latent period. 

If the lesion is large, as it was in our case, 
it will be advisable to avoid the use of large 
direct fields. Small multiple tangential 
fields to avoid the deeper structures are 
most appropriate. It is necessary to deliver 
radiation only to a major part of the lesion, 
since total regression will occur eventually. 

Krom the factors used in this case, a 
tumor depth dosage can be derived. How- 
ever, it is difficult to calculate the depth 
dose accurately since the radiation was 
directed obliquely and tangentially through 
multiple small fields to avoid a large dose 


Fic. 7. Microscopic section with a reticulum stain (X 


anastomosing vessels. 
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to the underlying structures. Nevertheless, 
for theoretical purposes, at a § cm. depth 
in the lesion, and assuming that all the five 
portals contributed, we may conclude that 
approximately 2,000 r was delivered to the 
maximum point and at a 10 cm. depth, a 
dose of 1,000 r. This was over a period of 
five weeks. The lesion was observed to have 
regressed moderately over a ten month pe- 
riod and then a nearly similar course of 
irradiation was given as described in the 
case report. The figures cited are maximum 
values, but in reality they probably were 
considerably lower. In retrospect, it is 
probable that a lower dosage would have 
been utilized if we had better understood 
the pathologic characteristics and antici- 
pated the degree of radiation response. 
The result from the radiation treatment 
has been most gratifying. There has been 
very little skin change, and the thoracic rib 


315), showing the chracteristic histology of a hemangio- 
endothelioma (Stout). The section demonstrates the great number of endothelial cells lining the lumen of 
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and vertebral development have been nor- 
mal (compare Figure 14 and Figure 8). 
Since the tumor originated in or congeni- 
tally replaced the left upper spinal muscu- 
lature, there is a slight atrophy or lack of 
development in this region following the 
tumor regression (Fig. 6). Roentgen study 
shows a normal chest cage (Fig. 8). A mod- 
erate amount of calcification has de- 
veloped in the area of the former tumor 
(Fig. g); it is a monument to the history, 
course, and treatment of this disease. The 
child is nearing the completion of her fifth 
year after therapy and there are no indica- 
tions of any recurrence. 


CONCLUSIONS 

Proper recognition of this vascular lesion 
in infancy and early treatment are believed 
to be essential if radiation therapy is to 
be used. If we follow Stout’s pathologic 
criteria and also consider the lack of any 
purpura, the benign course of a hyper- 
trophic lesion in infancy, and the _ pro- 
tracted radiation response, the lesion in the 
infant studied is best classified as a hyper- 
trophic hemangioendothelioma of infancy. 

The infant was seventeen days old when 
therapy was instituted. Radiation dosage 
should be in a low to moderate range, de- 
pending upon the extent and bulk of the 


‘tc. 8. Anteroposterior view of the chest four years 


after irradiation. Note the good development of 


the left upper chest and the calcification in the left 
supraclavicular region. 
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Fic. 9. Left oblique view of the shoulder demonstrat- 
ing calcification at the former site of the tumor. 


lesion. The irradiation should be fractionated 
over a long period to observe the response 
and to take advantage of any natural or 
spontaneous regression that may occur. 


SUMMARY 

1. Acase of hypertrophic hemangioendo- 
thelioma in a seventeen day old infant ts 
reported. The lesion originated in the left 
upper thoracic paraspinal musculature. 

2. The pathologic and clinical criteria 
are given for the proper identification of 
the lesion. 

3. Because of the frequently benign na- 
ture of this lesion, extensive surgical pro- 
cedures should be avoided. 

4. Radiation dosage should be in the 
lower range and the course should be pro- 
tracted to augment a_ possible natural 
tendency to regression. 

s. The reported child has developed well 
with no radiation sequelae. The site of the 
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former tumor shows calcification five years 
later. 

840 South Wood Street 

Chicago 12, Illinois 


Dr. Arthur S. J. Petersen was most helpful in sug- 


gesting the use of multiple small fields. 
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A SIMPLE METHOD OF REDUCING THE 
FLUOQROSCOPIC DOSE RATE 


By EDWIN L. LAME, M.D. 


PHILADELPHIA, PENNSYLVANIA 


bees IMPLEMENT some of the recent 
thought on fluoroscopic safety, we 
started a plan three years ago that has 
proved most satisfactory and seems easily 
applicable for all users of modern machines. 
The roentgen dose rate can be regulated at 
will for each case and can be so reduced that 
babies and pregnant women may be ex- 
amined with hitherto unaccustomed low 
dosage. 

Since, even today, there is evidence that 
some fluoroscopes are operated by radi- 
ologists at high r rates (up to 46 r per 
minute at table top‘), it may be useful to 
review a method that is so simple. 

The best fluoroscopic techniques should 
be in operation in the children’s hospitals. 
Our analysis of current practice in thirteen 
children’s hospitals shows that in orthodox 
fluoroscopy the kv. peak ranges from 40 to 
95, the ma. from 1 to 4, and the r/min. 
from 1 to 7.5. The average usual kv. peak 
is 73, the average ma. is 2.5, and the aver- 
age r/min. is 3.6 (Table 1). This is an 
enviable record for those using 1 r/min. 
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ic. 1, Fluoroscopic ma. meter large enough for easy 
reading and setting. 


and we wish to publicize such excellent 
habits for the information of all radiolo- 
gists. It would be desirable to reduce the 
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FLUOROSCOPIC FACTORS USED IN 13 CHILDREN’S HOSPITALS IN THE UNITED STATES 


Usual 
Hospital 
kv. peak ma, r/min. | kv. peak 

I 70 2 1.9 go 
2 Lag 95 
3 70 1.g 
4 4 gO 
5 70 2 sO 
6 85 3 5 9s 
8 1.66 70 

65 3 4 765 

9 

55 

74 


Highest Lowest 
ma. r/min. | kv. peak ma. r/min. 

3 2.8 60 I I 
} 3.2 I 
4 4.0 O§ 4 21 
3.5 
2 50 2 
3 5 } 
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Fic. 2. Roentgenograms made on 8 X1o inch film carrying 4 exposures. Diameter of the aperture was 8 cm. 


higher rates for children and, further, to 
offer adults a similarly low exposure ap- 
proximating the children’s dosage. This 
seems realized in our recent program. 


RECOMMENDED METHOD 


Most new control panels have a hand 
regulator of fluoroscopic milliamperage, 
but manufacturers will equip old panels if 
requested. This hand regulator is locked at 
a maximum of 3 ma., forcing the operator 
to use a higher kv. peak and promptly re- 
ducing r output. 


Recently, a wide scale milliammeter has 
been purchased (Fig. 1). It is easy to adjust 
and read and is much preferred by the 
physicist, technician and radiologist. 

The most gratifying results are in the 
ability to fluoroscope babies and children 
or pregnant women with a very low total 
dose. The calibrating physicist measures 
the dose at required factors and these dose 
rates are posted in the technician’s booth 
at each machine. At the start of each 
fluoroscopic examination the technician 
asks the radiologist his needs for voltage 
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and current. Sample readings from our 3 
machines are as follows: 


kv. peak ma. r per minute 
60 0.5 0.95 
60 I 1.8 
85 I 2.2 
85 : 4-76 6.4 3.5 
gO 2 5.8 


Reference to the operating factors above 
makes it evident that an infant can be 
examined at 60 kv. peak and 0.5 ma. for an 
r rate of 0.7 to 1.0 per minute. Our barium 
fluoroscopy for an infant usually is limited 
to 1 minute and hence a dose of about I r is 
maintained. 

Further reduction of total body dose for 
babies is effected by using the 8 cm. diam- 
eter 4 on I spot filmer as a fixed aperture 
during all of the fluoroscopy and most of 
the roentgenography (Fig. 2). 

Correspondingly, thin adult chests can 
be examined at dose rates of 1.6 to 2.6 r per 
minute (70 kv. peak-1 ma.). Adult barium 
examinations are done at 85 kv. peak and 
I ma. for thin patients, 85 to go kv. peak 
and 2 or 3 ma. for heavier patients (dose 
rate of 2.2 to g.8 r/min.). 

Comparison with image amplifier dose 
rates commonly used is most favorable. 
Most users of the amplifiers do not accomo- 
date their eyes, so that their rates of expo- 
sure are the same as ours for children and 
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light-weight adults, and sometimes higher 
for babies. 
SUMMARY 


A simple and very inexpensive plan is de- 
scribed of reducing roentgen dose rate in 
fluoroscopy. It has provided the author 
with the means for examining delicate tis- 
sues that otherwise would be rejected for 
fluoroscopy or overdosed by current stand- 
ards of safety. 

It is suggested that this method is worthy 
of wider trial in view of the continued prev- 
alence of more robust fluoroscopic exam- 
ination. 


Presbyterian Hospital 
Philadelphia 4, Pennsylvania 
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THE THYMUS GLAND IN CHILDREN AND 
THE ROENTGENOLOGIST 


ROBLEMS related to the thymus gland 

in children continue to provide grounds 
for speculation and controversy. The gener- 
al roentgenologist does not have as fre- 
quent an opportunity to familiarize him- 
self with thymic disease as does the pedia- 
tric roentgenologist. Nevertheless, he does 
encounter recurring experience with two 
basic problems. The first is a diagnostic 
question: Is the thymus gland enlarged? 
The second is a_ therapeutic problem: 
Should the thymus be treated by radiation? 
A historical survey of the roentgenologist’s 
association with the thymus gland helps to 
elucidate our present role. 

Medical knowledge of the presence of the 
thymus gland probably dates from antiq- 
uity. In an extensive review, Marine! cred- 
ited Felix Plater with introducing in 1614 
the concept of sudden death in children due 
to an enlarged thymus gland. In 188g Palt- 
auf? focussed new interest on the thymus 
gland by introducing the idea of a constitu- 
tional disease, status thymicolymphaticus, 
consisting of hyperplasia of the lymphoid 
structures including the thymus, arterial 
hypoplasia, chlorosis, and a tendency to un- 
explained sudden death. 

Only eight vears after R6ntgen’s discov- 
ery of the x-ray, Heineke’ described the ef- 
fects of the x-ray on lymphoid tissue in ex- 
perimental animals and suggested that such 
therapy might have value in human beings 
with abnormally large thymus glands. 
Friedlander‘ put this hypothesis to trial in 

1 Marine, D. Status lymphaticus. 4rch. Path., 1928, 5, 661 
662. 

2 Pattaur, A. Cited by Friedlander.‘ 

3 Hereke, H. Ueber die Einwirkung der Réntgenstrahlen auf 
innere Organe. Miinchen. med. Wchnschr., 1904, 57, 785-786. 

4 FrrepLanper, A. Status lymphaticus and enlargement of the 


thymus. With report of a case successfully treated by the x-ray. 
Arch. Pediat., 1907, 24, 490-501. 


1905, when he treated an infant with a res- 
piratory ailment thought to be due to thy- 
mic stridor and status Iymphaticus. By 
this time it was widely believed that these 
patients responded poorly to anesthetic 
drugs and suffered a high rate of sudden, 
unexpected death. That radiation was in- 
creasingly accepted as a useful means of 
controlling the enlarged thymus and _ its 
feared consequences is readily attested by a 
review of early volumes of the AMERICAN 
of ROENTGENOLOGY. 

In a report of 41 cases in 1920, Heublein® 
gave the reasons why radium therapy was 
considered even more useful than roentgen 
therapy. Grier® agreed that radium was 
easier and sater to use; his report is notable 
because it emphasized also the responsibil- 
itv of the roentgenologist in the diagnosis 
of the enlarged thymus. In a roentgeno- 
graphic study, he stressed the importance 
of the phase of respiration, the increased 
size of the thymic shadow when the child 
cries, and the tendency of the shadow to be 
bilateral, relatively symmetric, and wider 
inferiorly. Writing at a still later date, 
Kohler? described graphically the difficulty 
encountered by earlier diagnosticians: “In 
the first decade after R6ntgen, enlargement 
of the thymus was far too frequently diag: 
nosed, the striking breadth of the upper 
part of the central shadow being due to the 
tube being brought too near, in order to 
take a more rapid picture of small unruly 
children... .” 


5 Heustein, A. C. Radiation treatment of enlarged thymus 
vlands in infants. Am. J. Roenrcenor. & Rav. Tuerary, 1920, 


7, 

6 Grier, G. W. The diagnosis and treatment of enlarged thymus. 
Am. J. Roentcenow. & Rap. THERAPY, 1924, 7/7, 141-146. 

7 Kouter, A. Roentgenology: The Borderlands of the Normal 


and Early Pathological in the Skiagram. Second English Ed- 
ition. Wm. Wood & Co., Baltimore, 1935, p. 477. 
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The popularity of radiation therapy met 
some resistance. In 1927 Greenwood and 
Woods*® described the whole concept of 
status thymicolymphaticus “as a good ex- 
ample of the growth of medical mythol- 
ogy.’ Opposing thymic irradiation, Ken- 
nedy and New® reported that chronic 
stridor and other symptoms commonly at- 
tributed to an enlarged thymus were us- 
ually due to causes unrelated to the thy- 
mus. In general, however, roentgenologists 
and other physicians diagnosed and treated 
an increasing number of large thymus 
glands. The peak of this fad was reached in 
the late 1930’s, when many children were 
treated whether they had symptoms or not. 
In the 1940’s, doubts began to develop 
about the importance of status thymico- 
lvmphaticus, but supposedly symptomatic 
thymus glands were still subjected to radia- 
tion therapy with few qualms about the 
danger involved. 

With the advent of the atomic era and 
the cataclysmic events at Hiroshima in 
1945, the uses of radiation therapy under- 
went thoughtful reappraisal. Coming under 
particular scrutiny was its use in children, 
women in the child-bearing age, and per- 
sons having benign diseases. In 1949, 
Scharnagel and Pack!’ reported the ap- 
pearance of hundreds of basal cell epitheli- 
omas in the skin of a five vear old boy whose 
enlarged thymus had been irradiated shortly 
after birth. In 1gs0, Duffy and Fitzgerald," 
and, five vears later, Clark'® recorded cases 
of children with thyroidal cancer, which 
thev associated in many instances with ir- 
radiation that had been given during in- 
fancy to the thymus or to other benign con- 


SGreenwoop, M., and Woops, H. M. “Status thymico- 
lymphaticus” considered in light of recent work on thymus. 7. 
Hyg., 1927, 26, 305-326. 

* Kennepy, R. L. J., and New, G. B. Chronic stridor in child- 
hood sometimes erroneously attributed to enlargement of the 
thymus. 7..7.4.4., 1931, 96, 1286-1289. 

 ScHARNAGEL, I. M., and Pack, G. T. Multiple basal cell 
epitheliomas in a five year old child. 4m. 7%. Dis. Child., 1949, 77, 
647-6061. 

 Durry, B. J., and Frrzcerarp, P. J. Thyroid cancer in 
childhood and adolescence. Report on 28 cases. Cancer, 195C, ? 


32. 

2 CLrark, D. E. Association of irradiation with cancer of the 
thyroid in children and adolescents. ¥..4.M.4., 1955, 759, 1007- 
1009. 
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ditions of the upper trunk. In this same 
period Dameshek™ and Simpson and co- 
workers! were pointing out the possibility 
that leukemia might be associated with ir- 
radiation of the thymus in children. 

Medical contributions such as these cer- 
tainly reduce the enthusiasm for irradiation 
of the thymus gland. During the last dec- 
ade, also, in some nonradiologic quarters 
near-hysteria has existed about the ob- 
served or projected hazards of radiation 
damage. Insofar as these developments 
lead to fuller assessment of our knowledge 
and to wiser use of radiation therapy, they 
must be accepted as good. This greater 
awareness of certain disadvantages, how- 
ever, should not blind us to the usefulness 
of radiation therapy, judiciously employed. 
Recent conscientious studies of large series 
of patients!*:'® indicate suggestive evidence 
that thymic irradiation in children may 
potentially be harmful. A still larger study" 
indicates that it may be a contributing fac- 
tor to development of cancer of the thyroid. 
In a similar report by Conti and others,'® 
which did not disclose a relationship in the 
development of either leukemia or thy- 
roidal neoplasm, very small ports (4X 4m.) 
were used directly over the thymus. This 
report states that careful, limited irradia- 
tion of the thymus may be undertaken 
without undue risk. The roentgenologist 
may observe in these reports an interesting 
telltale—that the departments from which 
the studies originate have largely aban- 
doned use of irradiation for benign thymic 
enlargement. 

The answer to our first question, then, 

8 Damesnek, W. The outlook for the eventual control of leu- 
kemia. New England F. Med., 1954, 250, 131-139. 

Simpson, C. L., Hempermann, L. H., and Fuirer, L. M. 
Neoplasia in children treated with x-rays in infancy for thymic 
enlargement. Radiology, 1955, 64, 840-845. 

1s SnecirerF, LS. The elusiveness of neoplasia following roent- 


gen therapy for thymic enlargement in children. Radiology, 1959, 
72, 508-517. 

‘6 Larouretre, H. B., and Hopces, F. J. Incidence of neo- 
plasia after irradiation of thymic region. Am. J. RoENTGENOL., 
Rap. THerapy & Nuccear Mep., 1959, 82, 667-677. 

17 SaenceR, E. L., Sirverman, F. N., Stertine, T. D., and 
Turner, M. E. Neoplasia following therapeutic irradiation for 
benign conditions in childhood. Radiology, 1960, 74, 889-904. 

18 Conti, E. A.; Patron, G. D., Cont1, J. E., and Hempet- 
MANN, L. H. Present health of children given x-ray treatment to 
the anterior mediastinum in infancy. Radiology, 1960, 74, 386-391. 
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is:a prominent thymus may be discovered, 
but its significance is doubttul. The roent- 
genologist must diagnose its presence and 
perhaps follow its involutional course in 
children, but should not produce undue 
alarm in reporting its size or supposed ef- 
fect upon the trachea. 

In answering the question about therapy, 
the roentgenologist must almost certainly 
accept the idea that radiation therapy tor 
an enlarged thymus is rarely advisable. 
This change in emphasis is as much a prod- 
uct of modern knowledge about normal 


variations of the gland, the infrequency of 


pressure symptoms, and the vanishing con- 
cept of status lymphaticus as it is of con- 
cern about the possible association of sub- 
sequent thyroidal or lymphoid cancer. 
However, if a large thymus is obstructing 
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respiration in a child in whom complete 
pediatric and otolaryngologic appraisal re- 
veals no other cause, use of sma// doses of 
roentgen therapy to a sma// portal below a 
carefully shielded thyroid gland is justified. 

Based on an appraisal of general statis- 
tics indicating a continued low incidence of 
thyroidal cancer in children, and a long, 
personal experience in irradiation of chil- 
dren, Garland’ believes that ‘An etiological 
connection between low-dose neck irradia- 
tion and subsequent thyroid cancer is not 
regarded as established.” 

Seymour Fiske Ocusner, M.D. 

Ochsner Clinic 
Prytania and Aline Streets 
New Orleans 15, Louisiana 


 Gartanp, L. Henry. Cancer of the thyroid and previous 
irradiation. Surg., Gyn. & Odbst., 1961, 772, 564-566. 
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NEWS 


DR. OTTO GLASSER HONORED 


To Otto Glasser, Ph.D., teacher, leader 
and friend to the radiologist of Ohio, the 
members of the Ohio State Radiological So- 
ciety presented a scroll in recognition of his 
many contributions to Radiology. Also, in 
appreciation of these and his many other 
attainments as author and investigator in 
the field of biophysics, the Ohio State Ra- 
diological Society on May 20, 1961 conter- 
red upon him an Honorary Membership. 


THE ASSOCIATION OF UNIVERSITY 
RADIOLOGISTS 

Annual Memorial Medal Award Competition 

The Association of University Radiol- 
ogists has recently established an annual 
Memorial Medal Award in honor of de- 
ceased members, to be awarded to the resi- 
dent in radiology writing the best original 
paper on some aspect of radiology during 
the period of competition. The paper must 
be the work of a single author, the resident. 
Manuscripts to be considered for the 1962 
competition must be received by March | 
1962. Inquiries should be addressed and pa- 
pers submitted to the Secretary, Herbert 
M. Stauffer, M.D., Department of Radi- 
ology, Temple University Medical Center, 
Philadelphia 40, Pennsylvania. 

The 1961 Memorial Medal Award was 
won by Dr. Burton Seite, Resident, Yale 
University, for his paper, “‘Radioactive 
Inert Indicator Method for Intestinal Ab- 
sorption Utilizing Ditterential Counting,” 
presented at the recent meeting of the As- 
sociation at Stanford University Medical 
Center, Palo Alto, California. 

The 1962 annual meeting will be held at 
the University of Indiana in Indianapolis, 
May 19 and 20. 


JAMES PICKER FOUNDATION 
Awards for 1961-1962 

On behalf of the James Picker Founda- 

tion, the National Academy of Sciences- 
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National Research Council announces the 
award of twenty-five grants and fellowships 
in the field of radiology and nuclear medi- 
cine for 1961-1962. These awards, totaling 
approximately $150,000, were recently ap- 
proved by the Foundation on recommenda- 
tion of the Committee on Radiology of the 
Academy-Research Council. With the ad- 
vice and cooperation of the Committee, the 
Foundation inaugurated its research grants 
and fellowships in 1950, with the objective 
of fostering research in, and broadening the 
scope of radiology. During the past year, 
the program was expanded to include a new 
series of Advanced Fellowships in Academic 
Radiology, in recognition of the increasing 
interest of the Foundation in the advance- 
ment of medical education. The first three 
of these Fellowships, designed to assist 
voung radiologists who are preparing for 
careers as medical school teachers, have 
been awarded for 1961-1962. 

At the same time, the National Research 
Council of Canada announces on behalf of 
the Foundation the award of two Research 
Grants for the coming academic year. 
Since 1958, the Canadian National Re- 
search Council has served as scientific ad- 
viser to the James Picker Foundation with 
respect to its Canadian program. 

Including the awards for the coming 
vear, during the eleven vear period research 
grants have been made through the U. S. 
Academy-Research Council for support of 
seventy-one investigations throughout the 
world. Twenty-five universities and nine 
hospitals and research laboratories within 
the Unites States have received grants. In- 
vestigators in four Canadian institutions 
were awarded support before the Canadian 
National Research Council assumed _re- 
sponsibility for the Foundation’s Canadian 
program in 1958. Grants have been made 
to ten institutions in seven countries 
abroad. Nine Scholars in Radiological Re- 
search have been supported in nine univer- 
sities in this country. 
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Research Fellowships have been awarded 
to twenty-six young scientists to enable 
them to prepare for investigative careers in 
the field of radiology. Fifteen of these fel- 
lows were citizens of countries other than 
the United States, and eleven of the latter 
studied in this country or Canada. Three of 
the Americans have carried on their re- 
search in England and Sweden. 

The Canadian National Research Coun- 
cil since 1958 has administered ten Re- 
search Grants in Canadian institutions, and 
has recommended the award of one Re- 
search Fellowship in Canada. 


JAMES PICKER FOUNDATION 
Application for Awards for 1962-1963 


On behalf of the James Picker Founda- 
tion, the National Academy of Sciences- 
National Research Council is accepting ap- 
plications for fellowships and grants in the 
field of radiology and nuclear medicine for 
the vear 1962-1963. Awards are made in 
four categories: 

The Advanced Fellowships in Academic 
Radiology. The purpose is to prepare the 
fellow to meet in full the intellectual de- 
mands of an academic position in radiology. 
Preference will be given to applicants under 
thirty-four years of age. Completion of 
clinical training in radiology ordinarily will 
be a prerequisite. The candidate should be 
prepared to devote a minimum of two years 
to course work in the basic sciences and to 
the application of the techniques and 
methods of these basic disciplines to radio- 
logical research. In arranging the details of 
his program, the prospective fellow will 
have opportunity for consultation with 
members of the Academy-Research Coun- 
cil’s Committee on Radiology. Applications 
will be accepted on nomination by a clinical 
adviser, who should be a member of the 
staff of a department of radiology in a 
medical school. 

Postdoctoral Research Fellowships are 
open to recent graduates who desire investi- 
gative experience and training in radiology 
or nuclear medicine. Applicants must hold 
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the M.D., Ph.D. or Sc.D. degree or the 
equivalent. Awards are for a period of one 
year, but requests for renewal will be con- 
sidered. 

Grants for Scholars are ottered to assist 
medical schools in supporting and develop- 
ing junior staff members in radiology. This 
is a transitional form of support, designed 
to bridge the gap between the completion 
of research fellowship training and_ the 
period when the young. scientist has 
thoroughly demonstrated his competence 
as an independent investigator. The ap- 
plication is submitted by the institution on 
behalf of the prospective Scholar. If the 
request Is approved, a grant of $6,000 per 
vear will be made directly to the institution 
as a contribution toward the Scholar’s sup- 
port or his research, or both. Initial grants 
are made for two vears, but renewal for a 
third vear may be recommended. 

Grants-in-Aid of Research are designed to 
encourage investigations in radiology and 
nuclear medicine offering promise of 
improvement in methods of diagnosis or 
treatment of disease. Radiological studies 
involving the use of radioisotopes fall 
within the scope of this program. Research 
grants are awarded to institutions, rather 
than to individuals. Initial awards may be 
made for two years. 

Applications for the fiscal year 1962-1963 
should be submitted by October 1, 1961. 
Support is not restricted to citizens of the 
United States or to institutions within this 
country. Application blanks further 
details may be obtained trom the Committee 
on Radtology, National Academy of Scitences- 
National Research Council, 2101 Constitu- 
tion Avenue, N.WV., Washington 25, D. C. 

The Medical Research Council of Canada 
serves as scientific adviser to the James 
Picker Foundation with respect to its 
Canadian program. If the proposed studies 
are to be carried out in Canada, requests 
for information and application forms 


should therefore be directed to the Secre- 
tary, Medical Research Council, National 
Research Building, 100 Sussex Drive, Ot- 
tawa 2, Canada. 
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SPECIAL PROGRAM FOR RESEARCH 

GRANTS IN RADIOLOGICAL HEALTH 

A greatly expanded program for research 
grants in the field of radiological health has 
been developed by the U. S. Department 
of Health, Education, and Welfare, Public 
Health Service, Division of Radiological 
Health. These grants are offered to support 
research by individuals, universities, hos- 
pitals, laboratories, and other public or 
private institutions in the assessment and 
control of manmade and natural radiation 
exposures to the individual, no matter how 
the separate components may originate. 
The knowledge and skills of many profes- 
sional disciplines and_ specialties—physi- 
cians, engineers, physicists, chemists, edu- 
cators, statisticians among them—are 
needed to find answers to the many chal- 
lenging questions in radiological health. 

Basic studies relating to critical body 
organs and systems, preferred metabolic 
pathways for specific radioactive contam- 
inants and an understanding of the radio- 
sensitizing and modifying effects of various 
materials are encouraged. Broad epidemio- 
logical studies aimed at a scientific evalua- 
tion of the long term effects such as aging, 
congenital malformations, genetic effects, 
behavioral patterns, and cancer induction 
are also of primary concern. Field studies 
of the movement of radioactive contam- 
inants in biota and human food chains are 
of special interest, since the physical en- 
vironment may be greatly altered by bio- 
logical activity, as for example, the con- 
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centration of waterborne radionuclides in 
microorganisms and fish. Purely physical 
studies, such as chemical mechanisms in 
radiation chemistry, the design of equip- 
ment and the development of techniques to 
accurately assess or reduce the population 
dosage are mandatory for a successful re- 
search program. 

For information and/or application 
forms please contact: Dr. Paul F. Hahn, 
Chief, Office of Extramural Grants, Di- 
vision of Radiological Health, U. S. Public 
Health Service, Washington 25, D. C. 


OPERATIVE RADIUM THERAPY DAY 
AT QUEENS HOSPITAL CENTER 

An Operative Radium Therapy Day is to 
be given at the Queens Hospital Center 
by the Radiation Medicine Department on 
Wednesday, October 18, 1961. 

The program will include the use of inter- 
stitial radiation in the oral cavity; radical 
insertion of radium in the neck; various 
applicators in carcinoma of the cervix; the 
Heyman applicators in carcinoma of the 
endometrium; radium needles in the para- 
metria; and radon, iridium-thread, and 
cobalt interstitial therapy. Clinical demon- 
stration will depend on availability of pa- 
tients. 

The enrollment is limited and the regis- 
tration fee is $10.00. 

Please apply to: Dr. Philip J. Kahan, 
Supervising Medical Superintendent, 
Queens Hospital Center, 82-68 164th 
Street, Jamaica 32, N. Y. 
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BOOK REVIEW 


Books sent for review are acknowledged under: Books Received. This must be regarded as a sufficient return 
for the courtesy of the sender. Selections will be made for review in the interest of our readers as space permits. 


STRAHLENBIOLOGIE, STRAHLENTHERAPIE, NU- 
KLEARMEDIZIN UND KREBSFORSCHUNG; ER- 
GEBNISSE 1952-1958. Edited by H. R. 
Schinz; H. Holthusen; H. Langendorff; B. 
Rajewsky; and G. Schubert. Cloth. Price, 
$65.50. Pp. 998, with numerous illustrations 
and tables. Georg Thieme Verlag, Herdweg 
63, Stuttgart, Germany, 19S9. In the U.S.A. 
and Canada, Intercontinental Medical Book 
Corporation, New York 16, N. Y. 


German medical literature has demonstrated 
the successful use of “Ergebnisse” for a long 
time, 7.e., a collection of chapters written by 
different authors and pertaining to different 
fields of medicine. This volume is the first of its 
kind in the field of radiation biology, radiation 
therapy, nuclear medicine and cancer research. 
It comprises 16 different chapters, varying in 
length from 12 to go pages. There are purely 
scientific chapters, such as those dealing with 
the radiation genetics of bacteriophages, of 
micro-organisms, of Drosophila, and of mam- 
mals. Other chapters in the field of radiation 
physics are concerned with problems of dosage, 
and the physics and technique of megavolt 
radiation. The greater part of the book deals 
with practical aspects of radiation therapy, 
such as experience with the 31 megavolt beta- 
tron and intravesical radiocobalt therapy in 
Zurich, radiation therapy of bronchogenic 
carcinoma, a critical review of therapy with 
radioactive isotopes, clinical diagnosis of dis- 
eases of the thyroid by means of radioiodine, 
and others. The authors contributing to this 
book are working in Switzerland and Germany. 

Every chapter has a very extensive bibliog- 
raphy for the years 1952-1956 which should be 
of considerable assistance to anyone who is 
interested in a special phase of radiation 
biology or radiation therapy. 

There are excellent illustrations and the print 
is of high quality. 

Kor a practicing radiologist who can read 
German, the book is of considerable interest 
for a general review of basic biologic and thera- 
peutic radiation problems. Some of the chapters 
may not be applicable for a busy practitioner of 
radiology, since they pertain to rather specific 


biologic radiation effects. The chapters on 
therapeutic radiology, however. are excellent 
reading for the radiation therapist who wishes 
to acquaint himself with the broad field of new 
means of irradiation as practiced mid- 
Kuropean clinics and centers. The world litera- 
ture pertaining to these separate fields (espe- 
cially publications from the United States, all 
other European countries and Russia) is well 
assimilated and incorporated into the review of 
these special aspects of radiation biology and 
therapy. This book is highly recommended and 
should be available in any larger medical 
library as well as in the library of the radiobiolo- 
gist or radiotherapist who can read German. 
Hans W. Herke, M.D. 


BOOKS RECEIVED 


VERTEBRAL AND Carotip ANGIOGRAMS IN TENTO- 
RIAL HERNIATIONS; INCLUDING ROENTGEN ANAT- 
OMY OF THE TenrortiAL INncisure. By Hans F. 
Plaut, M.D., Chief, Radiology Service, Veterans 
Administration Center, Dayton, Ohio; Clinical 
Assistant Professor of Radiology, Ohio State Uni- 
versity, College of Medicine, Columbus, Ohio; and 
Kormerly, Instructor in Radiology, University of 
Cincinnati College of Medicine, Cincinnati, Ohio. 
Cloth. Price, $10.50. Pp. 155, with many illustra- 
tions. Charles C Thomas, Publisher, 301-327 
East Lawrence Avenue, Springfield, Ill., 

A ror Nuctear Mepicine. By FE. R. King, 
Captain, MC, U. S. Navy; and T. G. Mitchell, 
Lieutenant, MSC, U. S. Navy. Cloth. Price, 
$13.50. Pp. 406, with 8o illustrations. Charles C 
Thomas, Publisher, 301-327 East Lawrence 
Avenue, Springfield, IL, tg61. 

PHLEBOGRAPHY AND VeNous Pressure Derermi- 
NATION; A Srupy INTO THE CORRELATION OF THE 
Dara Gainep rrom THest Meruops. By M.N. 
Van Der Heyde, M.D. Cloth. Price, $5.00. Pp. 83, 
with 23 illustrations. Charles C Thomas, Pub- 
lisher, 32> East Lawrence Avenue, Spring- 
field, 1g61. 

BRONCHOGRAPHIE CLINIQUE. By Etienne Bernard, 
Professeur de Clinique de Pneumo-Phtisiologie a la 
Faculté de Médecine de Paris, Médecin 
l’Hdpital Laénnec; and Bernard Gamain, Chef de 
Laboratoire a la Faculté de Médecine de Paris, 
Assistant de |’Hdpital Laénnec. Paper. Pp. 196, 
with 132 illustrations. Masson et C"*, Editeurs. 120 
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Die JUVENILEN RUCKGRATVERKRUMMUNGEN. By 
Priv.-Doz. Dr. Med. Friedrich Wilhelm Rathke, 
Heidelberg. Cloth. Price, $5.90. Pp. 156, with 122 
illustrations. Georg Thieme Verlag, Herdweg 63, 
Stuttgart, Germany, 1961. In the U.S.A. and 
Canada, Intercontinental Medical Book Corpora- 
tion, New York 16, 

HarrsTRAHLTECHNIK. By Dr. Med. Wolfgang Frik, 
Privatdozent der Med. Strahlenkunde, Med. 
Klinik mit Poliklinik der Universitat Erlangen. 
Paper. Price, $7.15. Pp. 144, with 76 illustrations. 
Georg Thieme Verlag, Herdweg 63, Stuttgart, 
Germany, 1961. In the U.S.A. and Canada, Inter- 
continental Medical Book Corporation, New York 
16, N. Y. 

Dig PrAOPERATIVE RONTGENBESTRAHLUNG DES 
MamMAKArzinoms. By Dr. E. Muntean, Uni- 
versitatsdozent, Graz. Paper. Price, $4.40. Pp. 
108, with g illustrations and 26 tables. Georg 
Thieme Verlag, Herdweg 63, Stuttgart, Germany, 
1g6t. In the U.S.A. and Canada, Intercontinental 
Medical Book Corporation, New York 16, New 
York. 

Fiéments pe Appiiquke. By 
Roland Buchet, Médecin Radiologiste des Hdpit- 
aux de Paris; avec la collaboration de G. Breitman, 
Attaché d’Electroradiologie des Hépitaux de 
Paris. Paper. Pp. 189, with 127 illustrations. 
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Masson et Ci*, Fditeurs, 120 Boulevard Saint 
Germain, Paris (6°), France, 1960. 

Acra OrRTHOPAEDICA SCANDINAVICA, SUPPLEMENTUM 
No. 43. Lumpar Inrrapiscat Pressure; Ex- 
PERIMENTAL STUDIES ON Post-MORTEM MATERIAL. 
By Alf Nachemson. Paper. Pp. 104, with illustra- 
tions and tables. Ejnar Munksgaard, Copenhagen, 
Denmark, 1960. 

OrTHOPAEDICA SCANDINAVICA. SUPPLEMENTUM 
No. 45. THe Errecrs or SuBpERIOSTEALLAY Im- 
PLANTED AuTOGENOUS WHOLE-THICKNESS SKIN 
Grarr on Growinc Bone; AN ExpEeRIMENTAL 
Srupy. By Jaakko O. Elo. Paper. Pp. 90, with 
many illustrations and tables. Ejnar Munksgaard, 
Copenhagen, Denmark, 1960. 

Acra OrrHopagDICA SCANDINAVICA. SUPPLEMEN- 
ruM No. 46. THe Sureicat ANATOMY AND 
PATHOLOGY OF THE SUPRASPINOUS AND INTER- 
sprnous LIGAMENTS OF THE LUMBAR SPINE WITH 
SpeciaL REFERENCE TO LIGAMENT Ruptures. By 
Pentti M. Rissanen. Paper. Pp. 100, with §7 illus- 
trations. Ejnar Munksgaard, Copenhagen, Den- 
mark, 1960. 

RapioLocica. SuppLEMENT No. 201. RISA 
ENCEPHALOGRAPHY AND CONVENTIONAL NEURO- 
RADIOLOGIC MetHops; A ComparaTIVE Stupy. 
By Giovanni Di Chiro. Paper. Price, Sw.Kr. 
35:-. Pp. 102, with many illustrations and tables. 
Acta Radiologica, Box 2052, Stockholm 2, 
Sweden, 1961. 


4 
Tee? 
oy 
l, 
Cy ag 
if. 
\ 
” 
ib 
1g- 
rd 
ay 2 
ila 
de 
de : 
ris, 
9, 
120 
ry 


SEPTEMBER, 


ABSTRACTS OF RADIOLOGICAL 


LITERATURE 
Department Editor: T. Levcutia, M.D., Harper Hospital, Detroit 1, Michigan 


1961 


INDEX TO ABSTRACTS 


ROENTGEN DIAGNOSIS 
Heap 


F.,WaAcKENHEIM, A., and Vrousos, 
C.: New data on median sagittal pneumo- 
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HEAD 


THIEBAUT, F., WACKENHEIM, A., and Vrousos, 
C. Nouvelles données de la pneumostrati- 
graphie sagittale médiane de la fosse pos- 
térieure. (New data on median sagittal 
pneumostratigraphy of the posterior fossa.) 
F. de radiol., délectrol. et de méd. nucléaire, 
Feb., 1961, #2, 1-7. (From: Laboratoire de 
Radiologie de Ja Clinique neurologique de 
Strasbourg, France.) 


In an earlier article published in the same journal 
in 1959, the authors described the laminagraphic 
technique applied to the study of the vermis cerebelli 
during a pneumoencephalographic examination. The 
normal and pathologic roentgen anatomy of this 
region is important in order to recognize some neuro- 
logic diseases and malformations, and to avoid un- 
necessary surgical exploration. 

Three points are mentioned concerning the nor- 
mal anatomy as seen roentgenographically: (1) dila- 
tation of the postpyramidal groove is considered a 
normal variant in the absence of cerebellar symp- 
toms and is not a sign of atrophy of the inferior 
vermis. It forms an accessory inferior cerebellar lobe 
containing the pyramis, the nodulus, the uvula and 
the tonsil; (2) the shadow of the vertebral artery 
is projected as an opaque curl in the foramen mag- 
num and may be seen if the section is paramedian; 
and (3) diverticular dilatation of the vallecula may 
be seen in the posteroinferior part of the fourth 
ventricle. 

In the pathologic roentgen anatomy, the authors 
first report some congenital malformations of the 
vermis. In agenesis of the inferior vermis, the supe- 
rior part of the vermis (culmen) shows normal lobula- 
tion and the inferior part is hypoplastic and free 
of furrow formations, with an enlargement of the 
posterior cerebellar cistern. The authors have ob- 
served 5 of these cases which did not show cerebellar 
symptoms. In cases of Arnold-Chiari malformation 
with absence of the vermis, this absence may be 
predicted if the normal anterior transverse groove is 
not visible on the median convexity of the cerebellum 
and if, then, the furrows of the cerebellar convexity 
are seen as the spokes of a wheel, replacing the 
vermis. This absence of the vermis is also encountered 
in a rare malformation, cyclocerebellum, which is 
accompanied by other cerebral malformations. 

Secondly, the authors discuss cerebellar atrophy. 
To distinguish hypoplasia of the vermis from an 
acquired atrophy, they believe that in the latter case 
the normal furrows are still present but are enlarged 
passively by parenchymal retraction. They report 
cases of cerebrocerebellar atrophy in which the 
atrophy of the vermis was either silent or clinically 
symptomatic. In 2 cases, they observed a combina- 
tion of cortical parietal atrophy and atrophy of the 
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vermis. In 1 of these 2 cases, the pneumoencephalo- 
graphic signs of the cerebral atrophy were on the side 
opposite to the cerebellar atrophy. 

In conclusion, the authors state that the lamina- 
graphic studies permit recognition in vivo of some 
normal anatomic variants and malformations of the 
cerebellar vermis.—H. P. Lévesque, M.D. 


Sprrzer, R., Rasinowircn, J. Y., and Wysar, 
K. C. A study of the abnormalities of the 
skull, teeth and lenses in mongolism. Canad, 
M.A.F., Mar. 18, 1961, 84, 567 (Ad- 
dress: 3, Prince’s Court, Brompton Road, 
London, S.W.3, England.) 


A study was made of the dentition and lenses of 
33 mongoloids and of the roentgen appearance of the 
skulls of 29 mongoloids who were patients at Leaves- 
den Hospital, Herts, England. Their ages ranged 
from eight to forty-nine years. 

There were no roentgen or clinical findings per- 
taining to the skull, teeth or lenses that were present 
in all cases. However, there was extreme thinness of 
the cranium (94 per cent); failure of development of 
the frontal sinuses (84 per cent); a high percentage 
of impaired development of a// paranasal sinuses and 
mastoids; a high percentage of hypoplasia of the 
facial skeleton; dental changes, primarily microdon- 
tia and anomalies of shape (86 per cent); and a high 
percentage of lens opacities (23-85 per cent) of three 
main types, the percentage varying according to the 
type of opacification. There were other anomalies 
found less frequently. 

The information gained from this study reveals 
that the anomalies do not occur sporadically, but 
form a pattern of defects. Since the detects involve 
a large range of tissues of different derivation, this 
suggests that the anomalies have been impressed on 
the developing fetus by genetic endowment rather 
than by prenatally acquired factors. The facts are 
suggestive of an inherent fault in the anlage of the 
structures affected, causing prenatal developmental 
interference.—Gerald Davis, M.D. 


Biarr, Nicoias, Zamrir, D., Aranasiv, M., 
and Stopozianu, H. (Bucarest, Romania.) 
Les altérations du canal optique dans la 
maladie de Crouzon cranio- 
faciale). (Alterations of the optic canal in 
Crouzon’s disease [craniofacial dysostosis].) 
F. de radiol., d’électrol. et de méd. nucléatre, 
Nov., 1960, 47, 645-6059. 


(dysostose 


In craniofacial dysostosis, compressive atrophy of 
the optic nerve may result from either intra- or 
pericanalicular hyperostosis; typically, the canal’s 
vertical height is diminished by deformity of the 
lesser sphenoidal wing. In cases of concurrent oxy- 
cephaly, optic atrophy is especially likely to occur 
because of the added factor of intracranial hyperten- 
sion, 
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Evaluation of the optic foramen has some prog- 
nostic value, since, if it is intact, the dystrophic 
process is benign, not only as it concerns the organs 
of vision but also the skull and brain. 

Not all cases of craniofacial dysostosis show the 
imprint of cerebral convolutions on the calvarium. 
The authors note that in 1 of their cases a concurrent 
hydrocephalus prevented the development of these 
digital impressions.—Frank A. Riebel, M.D. 


Lecré, J., Denizer, D., and J. 
(Marseille, France.) Lacunes craniennes se- 
condaires a un traumatisme de la premiére 
enfance. (Cranial lacunae secondary to 
trauma suffered in early childhood.) ¥. de 
radiol., d’électrol. et de méd. nucléaire, Nov., 
1960, 667 678. 


Localized trauma in early childhood occurs in all 
cases of cranial lacunae; in 6 of the authors’ 7 cases 
the injury occurred before the age of two. In 2 of the 
cases the parietal bones were affected as the result 
of the application of obstetrical forceps with result- 
ing ischemic necrosis; the other 5 gave a history of 
falls. 

The initial pathology largely determines the 
course; a dural tear is especially important, as it 
may permit development of a leptomeningeal cyst, 
porencephaly, or its healing may produce cicatricial 
retraction between bone and brain through the in- 
termediary of a dense block of fibrous tissue. While 
usually a true fracture occurs, it is possible to have 
an intradiploic hemorrhage which causes progres- 
sive spreading of the two tables of bone. It is difficult 
to say when the lacuna develops because frequently 
there is a latent period between injury and the de- 
velopment of symptoms. In 1 of the cases cited, how- 
ever, a leptomeningeal cyst apparently developed in 
a few days. 

The typical roentgen findings are a clear lacuna 
in the cranial bone at the site of the old injury, with 
the outer table showing extensive exophytic reac- 
tion, often appearing like the crest of a helmet; the 
internal table may possess spicules. Usually the af- 
fected half of the skull is the larger, although in 1 of 
the authors’ cases the opposite was true because of 
brain atrophy. A pneumoencephalogram will show 
slight dilatation of the ventricle on the affected side 
and its retraction toward the lacuna.—-Frank A. 


Riebel, M.D. 


HurxtHat, Lewis M. Pituitary gigantism in 
a child five years of age: effect of x-radiation, 
estrogen therapy and self-imposed starva- 
tion diet during an eleven-year period. 
Clin. Endocrinol. Metabol., Mar., 1961, 
27, 343-353. (From: Department of Internal 
Medicine, The Lahey Clinic, Boston, Mass.) 
A case history of pituitary gigantism in a five 

year old girl is presented. The syndrome began at the 
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age of three, and was studied for eleven years (age 
five to age sixteen). The syndrome is well docu- 
mented, and reproductions of impressive skull 
roentgenograms and photographs of the child are 
included. Detailed metabolic data are given in 
tables. 

At the age of nine, 2,400 r was administered to the 
pituitary by rotational supervoltage roentgen ther- 
apy. Further therapy was refused. The serum phos- 
phorus and growth rate decreased for a period of 
about nine months. Further radiation therapy was 
not given, and estrogens were used in an attempt to 
control the child’s growth. The data show that some 
further improvement was obtained; however, it was 
less striking than that following radiation treatment. 
At the age of twelve the patient placed herself on a 
starvation diet, and during this time she grew only 
one-fourth inch. No change in the sella was noted 
during the period of malnutrition (four years). 

The author recognizes the fact that a larger dose 
of radiation should have been used if possible, and 
that it should have been employed when the child 
was first seen at the age of five. The fact that the 
roentgen therapy gave the best results again demon- 
strates its value in the treatment of pituitary eosino- 
philic adenomas. Serum phosphorus determinations 
are shown to be a useful adjunct in following these 
patients.—William K. Littman, M.D. 


Wisorr, HuGu S., and ALAN B, 
Cerebral arterial thrombosis in children; re- 
view of literature and addition of two cases 
in apparently healthy children. 4.M.A. 
Arch. Neurol., Mar., 1961, 4, 258-267. (Ad- 
dress: 27 Ludlow St., Yonkers 5, N. Y.) 
This is a report of 2 cases of cerebral arterial 

thrombosis in apparently healthy children, both 
diagnosed by angiography. The first patient died of 
extensive encephalomalacia and necropsy revealed 
areas of diffuse vascular disease involving both sys- 
temic and cerebral arteries, and a dissecting aneu- 
rysm almost totally occluding the lumen of the 
terminal internal carotid artery and the proximal 
middle and anterior cerebral arteries on the right. 
The second case survived with residual hemiparesis 
and dysphasia; there was considerable narrowing of 
the supraclinoid portion of the left internal carotid 
artery seen on angiography. The etiology in this 
case is obscure although there was a history of head 
trauma. 

The authors also reviewed 27 cases of cerebral 
thrombosis in children under sixteen years of age, 
excluding those instances where the etiology and 
pathogenesis is already well recognized. The inci- 
dence seems to be rather low; however, they predict 
that with the increased use of angiography the dis- 
ease will prove to be more common. 

Males are more often affected and a definite left- 
sided preponderance is demonstrated. Clinically, an 
apoplectiform onset was more prevalent and head- 
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aches and seizures were fairly common. The site of 
the occlusion is correlated with the degree of recov- 
ery and the more proximal occlusions tend to be 
more benign. The cases of dissecting aneurysm of the 
internal carotid artery and middle cerebral arteries 
form the most significant group, although in the re- 
mainder of the cases no convincing etiology was 
found.—Homero F. Nino, M.D. 


Meyer, H.-Sr., Buscu,G., and Dorrret, FE. W. 
Beitrag zum Problem des ‘‘Pseudotumor 
cerebri” und einer intrazerebralen Verkal- 
kung. (Contribution to the problem of 
‘pseudotumor cerebri” and an intracerebral 
calcification.) Fortschr. a. d. Geb. d. Rént- 
genstrahlen u. d. Nuklearmedizin, Jan., 1961, 
94, 107-115. (From: Universitats-Nerven- 
klinik, Roéntgenabteilung der Nervenklinik 
und Universitats-Geschwulstklinik der Cha- 
rité in Berlin, Germany.) 


The authors take exception to the misused term 
“pseudotumor cerebri’” when it describes any un- 
solved neurologic condition with increased intra- 
cranial pressure. One may find, for instance, the fol- 
lowing lesions diagnosed as pseudotumor cerebri: 
brain abscess, subdural hematoma, aneurysm, atypi- 
cal migraine, pregnancy encephalitis, thromboangi- 
itis obliterans, tower skull, etc. Nonne coined this 
term in 1904 to describe subacute or chronic condi- 
tions with increased intracranial pressure, and papil- 
ledema without demonstrable brain tumor, even at 
autopsy. (The course is, as a rule, benign with com- 
plete remission.) Kehrer proposes to abolish this de- 
ceiving pseudodiagnosis and to use instead “increased 
intracranial pressure of unknown origin.’’Ketz con- 
siders the diagnosis of “‘pseudotumor cerebri’’ in 
certain cases as justifiable, although he agrees with 
Kehrer that it represents only a clinical syndrome. 
Some of his 17 observed cases show a normal ven- 
triculogram; others demonstrate a distinct displace- 
ment appearance. Zuidema and Cohen, on the other 
hand, consider the syndrome “‘pseudotumor cerebri” 
to represent increased intracranial pressure with 
papilledema and a normal ventriculogram. 

The authors propose to limit the term “‘pseudo- 
tumor cerebri’”’ to the definition of Nonne except for 
the inclusion of a definite mass displacement visu- 
alized with cerebral arteriography and encephalog- 
raphy. To be valid, however, the latter finding must 
regress at the same time as the clinical symptoms 
without treatment. 

The case report of a patient observed for ten 
years and fulfilling the above requirements is de- 
scribed. In their discussion the authors mention the 
very exceptional case of Binswanger, presented in 
1912, in which, also, the tumor was not found at 
operation. Subsequently the patient’s symptoms re- 
gressed considerably. However after twelve years 
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an autopsy revealed a glioma the size of a hazelnut 
in the left temporal lobe. In the authors’ case, the 
possibility of a circumscribed encephalitis, brain 
abscess, parasitic disease or tuberculoma was elim- 
inated. An intracerebral hematoma, calcified after 
ten years, was believed to have been caused by the 
needle biopsy undertaken during the operation 
rather than to have been the cause of the original 
disease. The possibility of a thorium deposit sec- 
ondary to thorotrast angiography producing the 
area of increased tissue density was ruled out with 
the help of a scintillation counter. Silvera, M.D. 


Worst, J. G. F. A réntgen reference contact 
lens, fixed by low vacuum. ‘f. be/ge de radiol., 
1960, 4?, $91-$97. (Krom: University Eye 
Clinic, Groningen, Holland.) 


A contact lens which contains radiopaque markers 
imbedded in it is described. It is attached to the 
cornea by a low suction vacuum device. Anteropos- 
terior and lateral roentgenograms are made on 
which a transparent reference scheme is superim- 
posed. Intraocular foreign bodies are accurately lo- 
cated by this technique. —David Morse, M.D. 


NECK AND CHEST 
Issa, Laryngoctle ventriculaire (a 
propos de 4 cas). (Ventricular laryngocele 
[report of 4 cases].) de radtol., a’électrol. 
et de méd. nucléaire, Keb., 1961, 8-16. 
(From: Hoépital de l'Université Ameéricaine, 
Service de Radiologie, Beyrouth, Lebanon.) 


This rare lesion was first described in 1829 by 
Larrey as a vesicular or aerial goiter. In 1867, Vir- 
chow coined the name ‘ventricular laryngocele.” 
Thereafter, various names were used tor its desig- 
nation: aerial cyst, diverticulum or aerial hernia of 
the larynx, monkey pouch or gland. 

Description. A \aryngocele is an anomalous air 
sac arising from Morgagni’s ventricle or, more pre- 
cisely, from its anterior vertical extension in the 
arytenoepiglottic fold, which is 1 cm. long and is 
called the appendix, pouch, or sacculus ventricull 
laryngis. This laryngeal pouch is the vestige of a 
large bilateral air sac, serving as an oxygen reservoir, 
which is found in anthropoid monkeys and other 
mammals and which extends through the thyrohyoid 
membrane to the base of the neck and sometimes to 
the axillary regions. In man, this saccule plays an 
important physiologic role in the lubrication of the 
vocal cords by its numerous mucous glands. The dis- 
tention of this saccule results in a true hernia with a 
wall of its own and a neck attached to the anterior 
part of the ventricle. Its content is usually air; it may 
be liquid if drainage is hindered, or purulent with 
supervening infection, in which case it would be 
called a laryngopyocele. 

Classification. Laryngoceles have been divided by 
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Lindsay into three categories: (1) internal, expanding 
in the laryngeal cavity above the superior border 
of the thyroid cartilage; (2) external, perforating the 
thyrohyoid membrane and bulging in the neck; and 
(3) mixed, which has both an external and an internal 
component. The last two types are the most fre- 
quent. Laryngoceles may be bilateral, generally of a 
different type on each side. 

Pathogenesis. Two causes are considered. The first 
is a congenitally long sacculus with deficient thyro- 
arytenoid muscle action, or a congenital weakness 
of the thyrohyoid membrane. The second cause is 
a consequence of increased intralaryngeal pressure 
which occurs during strenuous and repeated efforts 
such as singing, shouting, etc. Other contributing 
factors are local: tumor, granuloma or a cicatrix at 
the level of the ventricle with trapping of air in the 
saccule in a valve-like action. 

Symptomatology. This varies from a long latency 
to an acute suffocating attack necessitating a trache- 
otomy. The most frequent symptoms are: (1) a 
slight change in voice, dysphonia or aphonia. This 
symptom is generally present with an internal laryn- 
gocele; (2) minimal dyspnea, in the case of slowly 
progressing enlargement of a laryngocele, or pro- 
nounced, even acute, dyspnea when distention is 
more rapid. It may be continuous, or provoked by 
effort; (3) the sensation of the presence of an ac- 
companying foreign body with dry cough or the 
production of white mucoid or purulent secretions. 
At the acme of an attack, a vomica may occur; (4) 
rare and slight dysphagia; and (s) pain if the laryn- 
gocele is infected. 

Clinical and Larvngoscopic Findings. An evocative 
sign of external laryngocele is a mass located in the 
anterior triangle of the neck above the thyroid 
cartilage. It may give an impression of fullness 
without clear delineation. This is also produced by 
an internal laryngocele repelling the thyrohyoid 
membrane. The mass may be big and may extend to 
the supraclavicular region. It is rounded or lobulated, 
regular, soft, and tympanic on percussion. It may 
change in size with coughing and may empty on 
pressure. When the neck of the sac is obstructed, the 
mass becomes very hard. 

On endoscopic examination of an internal laryn- 
gocele, a pinkish rounded mass is seen which is 
depressible and occupies the lateral portion of the 
laryngeal vestibule, extending to the aryepiglottic 
fold and sometimes to the epiglottis or the base of 
the tongue. 

Roentgen Findings. Roentgen examination is im- 
portant in establishing the clinically suspected diag- 
nosis or in confirming a clinical impression by show- 
ing the typical aspect of a laryngocele. On the 
anteroposterior roentgenogram, a well-defined air 
shadow will be seen in the para- or intralaryngeal 
location. The first air collection will be found in the 
soft tissue of the neck, the second air pocket will be 
seen through the cervical spine, not extending below 
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the level of Cs—C6. On the lateral roentgenogram, 
the shadow of a laryngocele will be superimposed on 
the larynx and will extend above it, but its lower 
margin will not go beyond the level of Morgagni’s 
ventricle. The distance between the hyoid and thy- 
roid cartilages may be increased by compression from 
the mass, or these structures may show local dis- 
placement by it. 

Frontal plane laminagraphy will clearly show the 
two gaseous pouches with a narrow channel con- 
necting them. A fluid level will be seen if the laryn- 
gocele is partly filled with secretions. 

The author reports 4 cases in full detail with 
illustrative roentgenograms. In the differential diag- 
nosis, he discusses mucous laryngeal cysts, post- 
traumatic hemorrhagic cysts of the vocal cords, and 
congenital cysts from branchial inclusions or cells of 
the laryngeal saccule. The only curative treatment 
is the surgical removal of the mass with its wall.— 


H. P. Lévesque, M.D. 


Datitn, F. Calcification of the aortic knob: its 
relationship to the fifth and sixth embryonic 
aortic arches; a radiological and anatomical 
study. Radiology, Feb., 1961, 76, 213-222. 
(Address: Department of Radiology, Govern- 
ment Hospital, Tel-Hashomer, Israel.) 


In order to identify the site of preference of 
calcium deposition in the aortic arch, to investigate 
the nature of this finding, and to explain its roentgen 
appearance, laminagraphic examinations in the 
anteroposterior and latero-oblique projections were 
made in 27 patients in whom a calcium-dense opacity 
at the aortic knob was demonstrated on a routine 
chest roentgenogram. In addition, 100 aortic arch 
specimens were obtained from consecutive autopsies, 
fixed in formalin, studied roentgenographically, sub- 
jected to gross macroscopic examination, transil- 
luminated and photographed, and studied histologi- 
cally. 

Laminagraphic studies demonstrated that the 
calcium-dense opacities were practically always 
situated in the wall of the aorta in the mid portion of 
the aortic arch opposite the shadow of the pulmonary 
artery, suggesting that they might be related to and 
appear as a sequel to the closure of the ductus 
arteriosus. In the studies of the autopsy specimens of 
the aortic arch, calcification of the aortic knob was 
found to be the result of single plaques in the aortic 
wall located either at the entrance of the ligamentum 
arteriosum or at the level of the origin of the left 
subclavian artery, or at both sites. Each of these 
areas showed a depression on the intimal surface, 
with increased translucency when viewed by transil- 
lumination, indicating thinning of the aortic wall. It 
may be concluded, therefore, that the preferential 
deposition of calcium in the aortic arch is related to 
these structural changes which correspond to the 
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aortic connections of the sixth and, most probably, 
the fifth embryonic aortic arches. 

The significance of the roentgenologic manifesta- 
tion “calcified aortic knob,” per se, for generalized 
atherosclerosis of the aorta is questioned. Its presence 
in young persons with patent ductus arteriosus may 
be accepted as a confirmatory sign of that anomaly. 


—W alter H. Farvis, Fr., M.D. 


ScCHEMINZKY, F., and H. 
Einfluss der Radiumemanation auf Herz- 
frequenz und Blutdruck. (Influence of ra- 
dium emanation upon pulse and blood pres- 
sure.) Wien. klin. Wehnschr., Feb. 17, 1961, 
73, 123-127. (From: Forschungsinstitut der 
Oesterreichischen Akademie der Wissen- 
schaften in Badgastein und Physiologisch- 
Balneologisches Institut der Universitat, 
Innsbruck, Austria.) 


Observations on the effects of combined hyper- 
thermy and radon inhalation upon pulse and blood 
pressure in more than 10,000 patients have been 
made by many competent investigators in the deep 
thermal galleries of Badgastein. Temperatures were 
around 42° C.; the relative humidity was 100 per 
cent and the concentration of the radon about 
4.1X10-*® curie per liter. The combined effect of 
humid air at a high temperature and radon inhala- 
tion produced in a large number of patients a con- 
siderable reduction of strain in blood circulation. 

Since such studies in the Badgastein galleries are 
subject to many variable and often uncontrollable 
factors, the authors made similar studies under 
better controllable conditions in the artificial emana- 
torium of the Innsbruck Physiologic-Balneologic 
Institute. The pulse and blood pressure of 45 healthy 
medical students were measured before and after the 
inhalation of radon (at a concentration of 5X10 °° 
curie per liter) for one hour. Inhalation of this gas at 
room temperature had practically no effect upon 
pulse and blood pressure. However, if the room tem- 
perature was increased to 41.5° C. and the humidity 
raised to 90 per cent, it was observed that radon 
inhalation considerably reduced the strain upon 
blood circulation produced by the hyperthermic 
conditions. No explanation of the mechanism of this 
specific radon effect can be offered at present.—Ofto 


Glasser, Ph.D. 


von Bramann, Constantin. The surgical 
treatment of primary and secondary reflux 
esophagitis. Proc. Rudolf Virchow Med. Soc., 

1960, Jubilee Volume, 99. 

Primary reflux esophagitis is most frequently 
found in cases of diaphragmatic hiatus hernia. Sec- 
ondary reflux esophagitis occurs after surgery on the 
cardiac portion of the stomach, particularly after 
resection of the cardia for ulcer or carcinoma. The 
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most painful form of reflux esophagitis is observed 
after anastomosis between the esophagus and the 
jejunum (esophagojejunostomy). 

The numerous operative procedures recommended 
for treatment of primary and for prevention of 
secondary reflux esophagitis are described. However, 
it is also pointed out that the majority of esophago- 
gastric anastomoses do not lead to reflux esophagitis, 
even without preventive operative techniques. In the 
author’s own series of about 100 cardiac resections, 
there were only 2 patients who developed reflux 
esophagitis and these responded to conservative 
measures. 

Even with this low incidence, reflux esophagitis is 
a real problem to the surgeon, internist and general 
practitioner because of its severe and disabling 
symptoms and because of the steadily increasing 
number of operations on the lower esophagus and 
cardiac portion of the stomach. The chances for the 
future development of ways for successfully replacing 
the esophagus with plastic material are considered to 
be favorable.-Franz ¥. Lust, M.D. 


ABDOMEN 


Hearey, Wittiam V., Riccins, Roserr C., 
Wuire, Ricuarp L., Hasir, Davin V., and 
Stewart, WELLINGTON B. An experimental 
method for localizing the source of intestinal 
bleeding. Surg., Gynec. © Obst., Mar., 1961, 
712, 285-288. (From: The Departments of 
Surgery and Pathology, College of Physicians 
and Surgeons, Columbia University, New 
York and Department of Pathology, College 
of Medicine, University of Kentucky, Lexing- 
ton, Ky.) 

An experimental method for localization of gastro- 
intestinal hemorrhage is described. In this technique, 
canine red blood cells were labeled with radioactive 
P®. A series of 3 small Geiger-Miller counters was 
placed at 8 inch intervals within a Cantor tube 
passed into the intestine. It was possible to detect 
local beta radiation with the counter nearest to the 
bleeding site. There were no false positive readings 
in the 7 dogs tested. No more than 1$ cc. of blood 
was used in any test segment. Multiple bleeding 
sites were ettectively localized by this method. 

The concept is a sound one and, with further 
technical improvements, the method may find useful 
clinical application. Bernard Lottman, M.D. 


Dattos, ArtHuR. Complete intestinal ob- 
struction by Meckel’s diverticulum. Proc. 
Rudolf Virchow Med. Soc., 1959, 78, 76. 


A forty-nine year old man with frequent vomiting 
and severe abdominal pains was admitted to the 
hospital for a possible intestinal obstruction. A flat 
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mechanical obstruction. After a short period of defla- 
tion and decompression, the patient was operated on. 
The lower ileum was completely obstructed by a 
kinking which was caused by a sizable Meckel’s 
diverticulum (approximately 2} inches long). A 
small bowel resection including the kinking diverti- 
culum was done. The proximal ileum was anasto- 
mosed to the cecum. 

Meckel’s diverticulum represents a part of the 
omphalomesenteric duct. A free, blind diverticulum 
to the ileum is the most common form of the anom- 
aly. It usually occurs within one meter of the 
terminal ileum. 

A Meckel’s diverticulum is prone to be involved in 
three types of pathology: (1) infection, (2) intestinal 
obstruction, and (3) peptic ulcer. Acute diverticulitis 
is similar to the clinical picture of acute appendicitis. 
The obstruction can take the form of kinking, 
torsion, or constriction of the small intestines or, 
more rarely, of a mobile portion of the colon. Intus- 
susception may occur. A peptic ulcer in a Meckel’s 
diverticulum may be complicated by perforation, 
obstruction, or hemorrhage. The presence of a 
Meckel’s diverticulum can seldom be diagnosed 
before operation..—Franz Lust, M.D. 


Two rare tumors of the ileum. 
Proc. Rudolf Virchow Med. Soc., 1959, 78, 81. 


Tumors of the ileum are extremely rare, their 
frequency among abdominal tumors being estimated 
as less than 1 per cent. They are difficult to diagnose, 
since the liquid nature of the contents of the small 
intestine makes obstruction a very late manifesta- 
tion and the mobility of the small intestine allows 
them to move about more freely and thus prevents 
early manifestation of pain due to pressure on 
neighboring structures. Early roentgen diagnosis is 
equally difficult because of the irregular pattern and 
the superimposition of the small intestine. 

The first patient reported was a seventy year old 
female. She had first noticed progressive weakness, 
loss of weight and appetite, and abdominal disten- 
tion. Later, nausea and vomiting occurred and she 
consulted her physician, who discovered a large, 
fixed mass in the right pelvic region. At operation, a 
large adenocarcinoma of the ileum was found. 

The second case was a sixty year old male who 
suffered from hypertension (about 200), chest pains, 
headaches, profuse perspiration, flushing of the face 
and a feeling of weakness. At first the only positive 
findings were a sedimentation rate up to 130; how- 
ever, on roentgen examination of the gastrointestinal 
tract, an oval filling defect was noted in the right 
lower abdomen indicating a mass displacing the 
intestine. At operation, a tumor of the ileum was 
found; it was a carcinoid of the ileum.-Franz 7. 


Lust, M.D. 


Marcutis, ALEXANDER R., and 
Paut. The use of parenteral neostigmine in 


Abstracts of Radiological Literature 613 


the roentgen study of the small bowel. 
Radiology, Feb., 1961, 76, 223-229. (Ad- 
dress: 510 South Kingshighway, St. Louis 
10, Mo.) 


This paper describes a method of obtaining rapid 
and good visualization of the small bowel with the 
use of neostigmine methylsulfate (prostigmin, 
Roche), which acts as a reversible inhibitor of acetyl- 
cholinesterase. This action increases small bowel 
motility and, therefore, the speed of intestinal 
transit. Over 3,000 examinations of the small bowel 
with neostigmine have been completed during a 
period of ten months at the Mallinckrodt Institute 
of Radiology. There were virtually no untoward 
results and in no case was medication or cessation of 
the examination necessary. No myocardial infarc- 
tions, intestinal perforations, or other serious com- 
plications occurred that could be attributed to the 
use of this drug. The contraindications in the dose 
range used by the authors are: intussusception, 
volvulus, complete intestinal osbtruction, perfora- 
tion, peritonitis, and recent myocardial infarction. 

An initial pilot study in 107 successive unselected 
patients who received 0.5 mg. (or 0.75 mg. in patients 
weighing more than 190 Ib.) neostigmine subcuta- 
neously after completion of fluoroscopy of the stom- 
ach and duodenum showed that barium had reached 
the cecum or beyond within one hour in 93 (87 per 
cent). A subsequent study was done in which 153 
patients were given neostigmine as above; another 
299 patients were given a placebo (an equal volume 
of § per cent glucose in water) subcutaneously, and 
another 157 patients received no injection. Neo- 
stigmine was shown beyond doubt to speed intestinal 
transit. In comparison with the control group re- 
ceiving no injection, the placebo definitely acceler- 
ated propulsion of the barium meal, although it was 
not nearly as effective as neostigmine, and also 
showed the importance of psychic influences on 
intestinal motility. 

The procedure now followed in routine upper 
gastrointestinal surveys (in the absence of contra- 
indications) is to give 0.5 mg. of neostigmine (0.7 
mg. in patients over 190 |b.) subcutaneously following 
fluoroscopic examination of the stomach and duo- 
denum, with roentgenograms being taken fifteen 
and sixty minutes after the injection and, if neces- 
sary, later. When detailed studies of the small bowel 
are desired, roentgenograms are obtained at fifteen, 
thirty, forty-five, sixty, and one hundred and twenty 
minutes after administration of neostigmine and at 
further intervals if necessary. 

The authors have been able to diagnose by these 
means cases of sprue, lymphosarcoma of the small 
bowel, regional ileitis, adhesions, and involvement 
of the small bowel by metastatic tumor. The drug 
does not modify the characteristic morphology and 
does not alter transit in conditions of disordered 
motor function.—Donald N. Dysart, M.D. 
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Grirrirus, J. D. Extramural and intramural 
blood-supply of colon. Brit. M. F., Feb. 4, 
1961, 7, 323-326. (From: St. Bartholomew’s 
Hospital, London, England.) 


Postmortem injection studies of blood vessels can 
be misleading due to technical difficulties such as 
postmortem clotting, spasm and the viscosity of the 
injection solution. For the studies of the colon 
reported by the author, the specimens were injected 
as soon as possible after death or surgical removal. 
Infusion with a weak ammonia solution or a saline 
heparin solution prior to injection prevented nec- 
ropsy spasm and postmortem clotting, respectively. 
A barium gelatin or a barium methylcellulose mix- 
ture was used as the medium for visualization. A 
series of experiments was performed which demon- 
strated the anastomoses between the superior and 
inferior mesenteric arteries via the middle and left 
colic arteries. They showed that ligation of the 
inferior mesenteric artery is a feasible procedure. 
The adequacy of the marginal artery as a collateral 
channel and the presence of adequate anastomoses 
between the middle rectal and superior rectal arteries 
were shown. Submucosal, mucosal and muscular 
plexuses form an intricate pattern in the wall of the 
colon. It is important that ligation of the marginal 
artery at surgery be at or about 2 cm. beyond the 
site of resection of the colon or ischemia will result. 


David Morse, M.D. 


Mansuo T. Calcified liver metas- 
tasis from carcinoma of the colon. 4m. 7. 
Digest. Dis., Mar., 1961, 6, 229 (From: 
Department of Radiology, Mount Sinai 
Hospital, New York, N.Y.) 


The appearance of the fine, punctate, closely 
spaced calcifications in necrotic areas of liver metas- 
tases from carcinomas of the colon has been well 
described previously in cases with the metastases 
usually coming from the sigmoid or rectosigmoid 
portion of the colon. The present report is mainly 
concerned with similar metastases from a carcinoma 
of the right colon, but it does add another case in 
which the metastases came, characteristically, from 
the sigmoid. 

This type of calcium deposition somewhat resem- 
bles the so-called psammoma calcification character- 
istic of ovarian carcinoma, but it can readily be 
distinguished from the peripheral ring-like calcifica- 
tion associated with cysts or abscesses of the liver, 
the multiple discrete calcifications of disseminated 
tuberculosis or histoplasmosis, and the phleboliths of 
a hemangioma. The mottled appearance of thoro- 
trast deposition is more diffusely spread through the 
entire liver and includes the spleen. A primary 
hepatoma can show calcifications similar to those in 
a metastasis from the colon but, as these are usually 
found in young children, the discrepancy in the ages 
of the two groups makes the differentiation possible. 
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The calcified metastases from carcinoma of the 
colon do not indicate any special characteristics of 
the original tumor in contrast to the instances of 
calcification within primary gastric tumors that 
appear to be associated with mucoid types of carci- 
noma.—-Donald M. Monson, M.D. 


SICHEL, D., Wotrr, R., and Eisensern, R. 
(Strasbourg, France.) Dépistage et fréquence 
des tumeurs benignes de la vésicule biliaire 
(étude de 20 cas). (Detection and incidence of 
benign tumors of the gallbladder [study of 20 
cases].) ‘7%. de radiol., d’électrol. et de méd. 
nucléaire, Feb., 1961, 42, 17-24. 


Among the multiple causes of biliary dyskinesia 
and noncalculous cholecystopathy, one is particu- 
larly disregraded, even ignored, and that is the 
existence of benign tumors of the gallbladder. 

Contrary to present day belief, these tumors are 
not rare. In less than two years, the authors have 
diagnosed 20 cases of benign tumors. Kirklin re- 
ported an incidence of 8.5 per cent in 17,000 surgical 
specimens. Jutras, Longtin, and Lévesque have 
recorded an incidence of 6.8 per cent of cholesterolo- 
sis in 2,494 removed gallbladders during a five year 
period (1951 to 1955). 

Many reasons explain why these lesions escaped 
roentgenologic detection. A small tumor defect may 
go unrecognized due to the too great opacity of the 
gallbladder or it may be interpreted as an artifact or, 
especially, as intestinal gas. A precise roentgen 
technique is of prime importance. It should include 
roentgenograms taken before and after a fat meal 
and in different positions (erect, Trendelenburg, 
horizontal) with various angles of projection (en face, 
lateral, oblique, tangential). Gradual compression 
under fluoroscopic control is most important. 

The main criterion in establishing the existence of 
a tumor is its fixation to the gallbladder wall, thus 
eliminating the possibility of gas or a stone. 

The size of the tumor may vary from a few milli- 
meters to a centimeter. The solitary defect has a 
rounded and regular contour when it is benign. The 
authors have not observed concomitant lithiasis. 
Very often the contour of the gallbladder is dentate, 
an appearance which corresponds to that of diffuse 
granular cholesterolosis. 

The benign tumors of the gallbladder are usually 
a product of a hyperplastic cholecystosis. Jutras, 
Longtin and Lévesque have classified the hyper- 
plastic processes into three main groups: (1) cho- 
lesterolosis (dittuse or strawberry gallbladder, solitary 
or multiple polyps of cholesterolosis), (2) adeno- 
myomatosis, and (3) neuromatosis. If the tumor is 
not found on the specimen by the surgeon or the 
pathologist, it is because of faulty technique in the 
removal of the gallbladder, especially by clamping 
the fundus. 

The authors do not state the total number of 
removed gallbladders, nor do they say if their 20 
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cases were confirmed. The roentgen appearance and 
histologic nature of the tumors are not described. 
Jutras and his associates have shown the high 
incidence of lithiasis with these hyperplastic cholecys- 
toses.-H. P. Lévesque, M.D. 


LaucHeNAur, Ciara. Zur Frage der Pro- 
phylaxe von Biligrafin-Zwischenfallen. (Pro- 
phylaxis of biligrafin reactions.) Schwetz. med. 
Wehnschr., \an., 1961, 97, 45-46. (From: 
Universitatsinstitut fir Roéntgendiagnostik 
und Strahlentherapie des Birgerspitals Basel, 
und der Pathologisch-anatomischen Anstalt 
der Universitat, Basel, Switzerland.) 


Intravenous administration of biligrafin (cholo- 
grafin) for cholecystography frequently provokes hot 
flushes, sneezing, cough, urticaria, slight nausea and 
vomiting. These side ettects are believed to be caused 
by a hypersensitivity to the entire molecule complex 
of the contrast material when an iodine allergy has 
been excluded. Severe reactions have become rare, 
but a case with fatal outcome is reported. 

An ambulatory male patient, aged sixty-one, with 
the diagnosis of gallbladder disease, was referred for 
intravenous cholecystography to be followed by a 
gastrointestinal examination. He was cachectic and 
appeared very sick. After all preliminary tests for 
iodine sensitivity were made and proved negative, 
20 cc. of biligrafin forte was injected intravenously 
within three minutes. Nausea ensued after the injec- 
tion of 16 cc., but following a few deep respirations 
the injection could be completed. Thirty seconds 
later, however, the patient became very pale and 
began to have convulsions. This was followed by 
Kussmaul’s respiration and cardiac arrest in systole. 
Thoracotomy was performed without delay, but car- 
diac massage proved ineffective. 

Autopsy findings included aortic stenosis, coronary 
sclerosis, multiple myocardial scars, dilatation and 
hypertrophy of the left and right heart chambers, a 
patent foramen ovale, arteriosclerosis and athero- 
matosis of the aorta and its branches, a large adeno- 
carcinoma of the gastric cardia with esophageal 
stenosis and metastatic spread, hydrops of the gall- 
bladder secondary to an occluding cystic duct 
calculus and acute as well as chronic generalized con- 
gestion, hyperemia of meninges, cerebral edema, and 
evidence of moderate cerebellar tamponade. 

Aortic stenosis may lead to sudden death. In this 
case, however, the sudden demise was undoubtedly 
due to the biligrafin injection. Since iodine sensitivity 
could be excluded, the reaction was believed to be 
due to calcium imbalance. The aortic stenosis may 
have caused prolonged stagnation of biligrafin in the 
dilated left ventricle. Thus, the cardiac musculature 
could have been suddenly deprived of vital calcium 
molecules. Recent animal experiments tend to cor- 
roborate such a conclusion. 


In a series of 180 cases examined after the fatality 
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described above, injection of calcium salts together 
with an antihistaminic drug was given prophylacti- 
cally, and the subsequent intravenous administration 
of biligrafin was done very slowly. This premedica- 
tion succeeded in preventing side effects. It must be 
remembered, however, that intravenous medication 
with calcium salts is contraindicated in patients 
being treated with digitalis.—Ernest Kraft, M.D. 


LamprecHt, WERNER. Pancreatic cysts in 
modern surgery. Proc. Rudolf Virchow Med. 
Soc., 1960, Jubilee Volume, 274. 


The etiology, pathogenesis, symptomatology and 
diagnosis of pancreatic cysts are discussed. Only 
pseudocysts—those not lined with secreting epithe- 
lium—cause symptoms (usually because of their 
size) and require treatment. 

Only surgical intervention is effective. Various 
operative procedures are evaluated and a new, im- 
proved operation is described which is simple, safe 
and satisfactory. It consists of a wide anastomosis 
between the cyst and the posterior wall of the 
stomach by a transcystic approach. The contents of 
the cyst—fluid and pancreatic tissue debris—are 
completely removed and the already existing adhe- 
sions between stomach and cyst are utilized in secur- 
ing the anastomosis. The operation has been done on 
8 patients and has resulted in roentgenologically 
proved fast shrinkage and obliteration of the cyst. 

Clinically, it is important to watch for diabetes; 
its incidence in these 8 patients rose from 12.5 per 
cent preoperatively to 55.6 per cent postoperatively. 


Franz ‘fF. Lust, M.D. 


GYNECOLOGY AND OBSTETRICS 


SINGLETON, Epwarp B., Rosensperc, Harvey 
M., and Samper, Luts. Radiologic considera- 
tions of the perinatal distress syndrome. 
Radiology, Feb., 1961, 76, 200-212. (Ad- 
dress: Texas Children’s Hospital, Houston, 
Texas.) 


The purpose of the present paper is to discuss the 
roentgen manifestations of the conditions which, in 
the opinion of the authors, are the sequelae of 
hypoxia or anoxia in the perinatal period, i.e., 
directly prior to delivery, during the birth process, 
or immediately thereafter. These conditions, having 
a common denominator of anoxia and a common 
pathogenesis, 7.e., increased capillary fragility, con- 
stitute the perinatal distress syndrome. A number of 
them are roentgenologically demonstrable, whereas 
others are disclosed only at the time of necropsy. 

Intracranial hemorrhages are commonly encoun- 
tered in infants who have suffered from anoxia in 
intrauterine life or in the neonatal period. Although 
the degree is seldom severe enough to produce 
roentgen changes in the skull, intracranial hemor- 
rhage should be suspected in any newborn infant 
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with respiratory distress and a normal chest roent- 
genogram. 

Infants with hyaline membrane disease are usually 
born prematurely under circumstances consistent 
with anoxia, which by increasing capillary permea- 
bility may readily allow the effusion of fibrinogen 
into the alveoli and provide the necessary conditions 
for the formation of hyaline membranes. The roent- 
gen features are usually characteristic and frequently 
present before the respiratory difficulties become 
noticeable. 

Whereas hyaline membrane disease is more com- 
mon in the premature infant, the aspiration syn- 
drome is usually found in the postmature baby, 
apparently the result of the onset of respiration i7 
utero or during passage through the birth canal. The 
respiratory symptoms are similar to those of hyaline 
membrane disease; however, the roentgen findings 
are similar to those in other forms of aspiration 
pneumonia. Pneumothorax and pneumomediastinum 
are common complications in the severe cases. 

Pulmonary hemorrhage in the newborn may occur 
in small, clinically insignificant amounts or may at 
times be massive, resulting in rapid demise. Fetal 
anoxia is the most probable cause, although this 
may be complicated by hypothrombinemia or 
hemorrhagic disease of the newborn, or accompany 
erythroblastosis fetalis. Roentgenograms of the 
chest show changes similar to those in infants with 
the aspiration syndrome. 

Localized noninfectious 
infancy may represent damage to the bowel pro- 
duced by a focal area of vascular insufficiency. The 
condition may make its appearance at birth in the 
form of a localized ulceration of the esophagus, 
stomach, small intestine, or colon. With perforation, 
complications become obvious. In the absence of 
perforation, healing gradually occurs and the ac- 
companying cicatricial changes may produce ob- 
struction several weeks later. 

Although intestinal atresia is generally accepted as 
being the consequence of localized incomplete re- 
canalization of the gut between the seventh and 
eleventh weeks of embryonic life, there is evidence 
suggesting that some forms result from interruption 
of the fetal blood supply to the atretic area due to 
certain anoxic factors. The roentgen features consist 
of gaseous distention of the intestine promixal to the 
site of obstruction and multiple air-fluid levels, 
usually on upright or decubitus roentgenograms. 

The livers of infants who have suftered from anoxia 
may show changes which are apparently unique to 
perinatal distress. These anoxic changes are not 
demonstrable by roentgenographic methods but 
serve to illustrate the danger of anoxia to the fetal 
organs. Hemorrhages into the adrenal gland may 
also result from anoxia and the consequent increase 
in capillary permeability. Calcification in the adrenal 
glands of older otherwise normal children probably 
represents the reparative end result of this condition. 


—Walter H. Farvis, Fr.. M.D. 
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GENITOURINARY SYSTEM 


Rurner, Arvin B., and Donato R, 
Renal papillary necrosis. ¥. Uro/., Apr., 1961, 
85, 462-470. (From: The Division of Urol- 
ogy, University of California School of 
Medicine, San Francisco, Calif.) 


Renal papillary necrosis is an uncommon lesion 
involving one or both kidneys. It is almost always 
associated with urinary tract infection and the pa- 
tient may have a concomitant diabetes mellitus, 
obstructive uropathy, or chronic interstitial neph- 
ritis. In some instances, the disease has been associ- 
ated with overdosage of phenacetin. The clinical 
course may be acute, subacute, or chronic. The 
primary pathologic lesion is a coagulative necrosis of 
one or more renal papillae with more or less involve- 
ment of the medulla. The cortex is not involved in 
the necrotic process but may show pathologic fea- 
tures of chronic nephritis secondary to the papillary 
disease. When associated with phenacetin abuse, the 
kidneys show diffuse interstitial fibrosis with a 
lymphocytic cellular infiltrate and with irregular 
contraction of the renal parenchyma. 

A roentgen diagnosis can be established in the 
majority of subacute and chronic cases. The roentgen 
finding consists of a diffuse, hazy outline of the 
minor calyces in the early stages. Subsequently, as 
the disease progresses, there is evidence of sinus 
tract formation and the contrast medium may be 
seen in arc shadows or ring shadows adjacent to the 
minor calyces. These changes are observed both on 
the retrograde and intravenous pyelograms. They 
tend to be progressive and, in the final stages, show 
evidence of clubbing of the calyces with medullary 
necrosis and small contracted kidneys. During the 
course of the illness, the patient frequently passes 
necrotic tissue in the urine. 

The prognosis is generally poor. Vigorous con- 
servative management is indicated in most instances. 

Ten figures consisting of anatomic drawings, re- 
productions of intravenous and retrograde pyelo- 
grams, and pathologic sections illustrate 4 case 
histories presented in this article. George Cham- 


berlin, M.D. 


Kein, RicHarp L., and McCuesney, Joun A. 
Hypertension secondary to aneurysm of the 
renal artery: report of a case of long duration 
cured by nephrectomy. 4nn. Int. Med., Feb., 
1961, 54, 292-300. (From: Department of 
Medicine, Washington University School of 
Medicine, Barnes Hospital, St. Louis, Mo.) 


The case of a twenty-six year old female is pre- 
sented to illustrate an apparent cure of long-standing 
hypertension associated with an aneurysm of the 
left renal artery. The patient had been in excellent 
health until 1944, when, at the age of thirteen, she 
suddenly developed headaches accompanied occa- 
sionally by nausea and vomiting. The persistence of 
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these symptoms necessitated hospitalization, at 
which time her systolic blood pressure was 180 mm. 
Hg. She was treated with medication and received 
symptomatic relief. In 1951 she was admitted to 
another hospital for evaluation of hypertension. All 
laboratory tests, performed at this time, were within 
normal limits. 

Urinary function tests, medications and the results 
are given for hospital observations in 1952 and 1956. 
These were during her two pregnancies, the first 
being a spontaneous delivery of a normal child at 
seven and one-half months’ gestation and the second 
pregnancy terminating with the delivery of a seven 
month stillborn. 

In 1957, differential renal function studies were 
performed, utilizing bilateral ureteral catheters. 
These showed a reduced glomerular filtration rate 
per nephron in the left kidney, compatible with 
extrinsic renal arterial disease. These observations 
were significant in that the combined glomerular 
filtration rate of both kidneys was within normal 
limits. An excretory urogram showed decreased con- 
centration of the opaque medium by the right kidney 
and normal concentration on the left. Both kidneys 
were of normal size and shape. 

An aneurysmal dilatation of the inferior branch of 
the left renal artery was demonstrated by trans- 
lumbar aortography. 

The patient has been normotensive for eighteen 
months following removal of the left kidney. ‘foAn 


D. Hummel, M.D. 


Winter, Cuester C. Advances in the radio- 
isotope renogram test. ¥. Uro/., Apr., 1961, 
85, 683-687. (From: The Department of 
Surgery, Division of Urology, Ohio State 
University Health Center, Columbus, Ohio.) 


Since its introduction in 1956, radioisotope renog- 
raphy has proved its value as a screening and 
diagnostic procedure in the evaluation of a variety of 
urinary tract diseases. The renogram has received 
widest clinical acceptance in the evaluation of differ- 
ences in renal vascular supply in the hypertensive 
patient in whom a nonrenal hypertensive etiology 
has been eliminated. The study is of value in detect- 
ing and following obstruction in the upper urinary 
tract; an ideal way of following a small ureteral 
calculus is with periodic plain roentgenograms and 
renograms. These show the position of the stone as 
well as the function and drainage of the involved 
kidney without the added exposure and risk of 
repeated excretory urograms. By renography one 
can also readily differentiate acute renal failure from 
complete obstructive uropathy in the anuric patient 
within the first forty-eight hours. 

The author emphasizes the importance of atten- 
tion to details and proper instrumentation in per- 
formance of the study. He feels that most nondiag- 
nostic radioisotope renograms result from improper 
technique rather than from an inherent deficiency in 
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the procedure itself. Hippuran I'* presently seems 
to be the test agent of choice because it is removed at 
a rapid rate from the blood exclusively by the kid- 
neys. 

By the addition of a third set of instruments to the 
dual renogram unit for monitoring the chest or any 
other highly vascular area, an estimation of the rate 
of blood clearance of hippuran I'** may be otbained. 
The author believes that this blood clearance curve 
is helpful in estimating quantitative total renal 
function. 

Four short case presentations illustrate the clinical 
usefulness of this study.—George W. Chamberlin, 
M.D. 


MacLaurin, Joun C., and Gavin 
Phaeochromocytoma causing ureteric ob- 
struction in a child. Lancet, Feb. 25, 1961, 7, 
426-429. (From: The Department of Child 
Health, University of Glasgow, and The 
Royal Hospital for Sick Children, Glasgow, 
Scotland.) 


The view is now taken that any adrenalin- or 
nonadrenalin-secreting tumor, irrespective of its 
site of origin, should be called a pheochromocytoma. 
Only 5 per cent of all reported cases of this tumor 
have been in children and, in them, 15 per cent have 
originated outside the adrenal gland. 

This case report is of a twelve year old girl with an 
eight month history of intermittent headaches, one 
month of anorexia and some weight loss, and three 
recent episodes of left abdominal pain associated 
with nausea and vomiting, but no urinary symptoms, 
paroxysmal flushing, sweating or palpitation. 

Investigative studies revealed that the facies and 
general demeanor vaguely suggested thyrotoxicosis, 
though exophthalmos and tremor were not present. 
Blood pressure on admission was 185/125 mm. Hg. 
There was bilateral papilledema, proteinuria, a four- 
to sixfold increase in the catecholamine content of 
the urine, an erythrocyte sedimentation rate of 
$9 mm. in the first hour and a solitary gallstone. 
Intravenous pyelography disclosed a nonfunction- 
ing left kidney and at cystoscopy the ureteral cathe- 
ter could not be passed more than 2 cm. up the left 
ureter. The paroxysmal nature of the hypertension 
became apparent with observation, but the Regitine 
test was equivocal. Notwithstanding, the correct 
diagnosis was suggested preoperatively. 

At surgery, a tumor mass was found encircling the 
left ureter about 2 cm. above the bladder, but it was 
mainly around the lower inch of the aorta, the bifur- 
cation and the left common iliac artery. The bladder 
wall was not involved. All tumor tissue was removed 
macroscopically with considerable ' difficulty. The 
left kidney and adrenal gland were also excised, the 
former because the degree of hydfonephrosis was 
greater than expected, and the latter because clamp- 
ing of the left renal vein caused an immediate drop 
in blood pressure. By palpation the right adrenal was 
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normal, and the left subsequently proved to be 
normal also. The postoperative course was satisfac- 
tory and her full recovery dramatic. 

The problem of malignancy arises often since many 
of these tumors, as in this case, appear locally inva- 
sive. The authors concur that distant metastasis 
appears to be the only reliable criterion of malig- 
nancy, with such a complication present in about 
2.§ per cent of cases. 

It is speculated that the site of origin of this tumor 
was probably the organ of Zuckerkandl. Abdominal 
symptoms have been noted as being the rule in these 
cases. In the only other known case presenting with a 
nonfunctioning kidney, the tumor arose in the 
bladder.—Donald M. Monson, M.D. 


NERVowS SYSTEM 


ScuoseR, R. Zystische Bildungen der hautigen 
Riickenmarkshiillen. (The formation of cysts 
in the coverings of the spinal cord.) Fortschr. 
a. d. Geb. d. Rontgenstrahlen u. d. Nuklear- 
medizin, Jan., 1961, 94, 116-129. (From: 
Universitatsstrahleninstitut, Homburg-Saar, 
Germany.) 


The development of cysts in the space between 
the spinal cord and the spine produces symptoms of 
a space occupying lesion similar to disk herniation or 
to a tumor. These cysts are differentiated as intra- 
dural, extradural or epidural-perineural according to 
their location. 

The author’s series comprises 247 cases studied by 
myelography of the cervical region (49 cases), the 
thoracic region (36 cases), and the lumbosacral 
portion of the spine (162 cases). Twenty-one cases 
showed signs of epidural- perineural cysts, 16 in the 
lumbosacral region and § in the cervical region. 
These cysts are connected with the subarachnoid 
space and fill with the contrast medium as do divertic- 
ula. Their size varied from that of a peppercorn to a 
peanut. In none of the 21 cases could the neurologic 
symptoms be correlated with the myelographic find- 
ings. Eleven of the 16 cases of cysts in the lumbo- 


sacral region showed, in addition, evidence of 


herniation of the nucleus pulposus and in all these 
cases the cysts were below the level of the herniation. 

In analyzing these findings, and reviewing the 
anatomy and embryology of the spinal cord, nerve 
roots and dural coverings, the author arrives at the 
conclusion that developmental abnormalities are a 
factor responsible for these cysts, a theory which 
seems especially plausible when one considers the 
shifting of the ganglia from the intradural to the 
extradural space and back again as observed in the 
24 mm., 34 mm. and 54 mm. fetus. Also, one must 
take into consideration the disproportionate develop- 
ment in the length of the spine in relation to its 
contents from the time the fetus reaches 34 mm. For 
instance, root pouch of unusual length and varied 
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width may develop if the coordination of length 
development to the movement of the ganglia is 
impaired, 

A second factor in the development of epidural- 
perineural cysts is the pressure fluctuation of the 
cerebrospinal fluid, which is elevated when the 
pressure in the veins is raised thus causing decreased 
fluid absorption. This is especially true in herniation 
of the nucleus pulposus or other space occupying 
lesions in the extradural space which causes a local- 
ized circulation disturbance. 

Asa rule, these not infrequently observed epidural- 
perineural root pouch cysts have no clinical signifi- 
cance.— 8, Silvera, M.D. 

SKELETAL SYSTEM 
Innes, James, and Newa.t, Joserx. Myeloma- 
tosis. Lancet, Feb. 4, 1961, 7, 239-245. (From: 

Departments of Medicine and Radiotherapy, 

University of Edinburgh and Royal Infirmary 

of Edinburgh, Scotland.) 


One hundred eighteen cases of myelomatosis were 
reviewed in a study of the natural history of the 
disease. In this series the ratio of men to women was 
about 3 to 2 and the disease developed after the age 
of fifty in 80 per cent of the cases. The disease results 
from an abnormal proliferation of reticulum cells in 
or outside the bone marrow and 1s manifested by 
four different varieties. 

Solitary Myeloma (46 cases). The plasma cell 
proliferation may start in a single bone, giving rise to 
a solitary myeloma. This eventually shows as a local 
swelling of bone which is often painless. A solitary 
osteolytic defect is seen roentgenographically, with 
no evidence of disease in the rest of the skeleton. The 
three year survival rate in this group was 32 per cent. 
The focus of plasma cell infiltration may remain 
localized tor long periods of time. Eventually, mul- 
tiple foci appear elsewhere in the skeleton. In this 
latter stage it is indistinguishable from multiple 
myeloma. 

Multiple Myeloma (119 cases). The growth of 
multiple small intramedullary tumors results in 
disseminated osteolytic defects in bone, with the 
spine, skull, ribs and pelvis being most often affected. 
Anemia is more common in this group than in pa- 
tients with the solitary variety. Myelomatous infil- 
tration was reported in bone marrow studies of all 
but 8 of 96 patients thus examined. The three year 
survival rate was §.3 per cent. No case survived for 
five years. Bronchopneumonia, severe anemia, 
uremia and cardiac failure were the most frequent 
terminal events. 

Diffuse Mvelomatosis (17 cases). A diffuse infiltra- 
tion of the bone marrow occurs without discrete 
tumor masses. Diffuse osteoporosis may be seen 
roentgenographically but there are no diagnostic 
roentgen changes. Gradual onset of anemia is the 
usual reason for examining these patients. Once 
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severe anemia is manifest these patients deteriorate 
fairly rapidly, without remission, and are unaffected 
by treatment. The course of the disease is like that in 
severe aplastic anemia and the patients often suc- 
cumb to pulmonary infections. 

Extramedullary Plasmacytoma (6 cases). This is 
the most rare form of myelomatosis. The first mani- 
festation is soft tissue tumor formation, which may 
later develop bony involvement. 

The laboratory findings in these conditions are 
analyzed. Although an elevated erythrocyte sedi- 
mentation rate was present in 8§ per cent, the rate 
was normal in the remaining 15 per cent. High 
readings were most common in the generalized form. 
Hyperglobulinemia was present in 70 per cent of the 
118 cases tested and this was a result of an increase 
in the gamma component. Bence Jones protein was 
found in 35 per cent. The anemia is almost always 
normochromic and normocytic. There is a tendency 
to rouleau formation. Increased plasma cells are 
rarely seen. In general, an examination of the periph- 
eral blood smear is of little diagnostic value. 


David Morse, M.D. 


UNANDER-SCHARIN, Lars. Melorheostosis; re- 
port of a case. Acta orthop. scandinav., 1960, 
30, 101-106, (From: The Orthopaedic Clinic, 
Harnosand, Sweden.) 


Melorheostosis is a very rare disease of bone first 
described by Leri and Joanny in 1922. It is charac- 
terized by continuous aching pain and limitation of 
motion, usually in one lower extremity. Presumably, 
the disease begins prior to birth or in early childhood 
and progresses very slowly. It may be associated with 
scleroderma or other soft tissue disturbance. 

The roentgen features have been compared to 
liquid drops of wax which run down the long bones 
and are localized along the vessels and nerve paths. 
In small bones the changes are streaky or resemble 
ink blots. They have a “marblebone”’ appearance, 
but osteopetrosis can be differentiated because of its 
generalized nature. 

The author describes a typical case of melorheo- 
stosis, which was followed for sixteen years. It was 
limited to the knee, lower leg, and foot of a patient 
who eventually underwent surgery for removal of a 
large mushroom-like exostosis from the medial 


femoral condyle. Arch H. Hall, M.D. 


Nabe, Meyer, and ScHNALL, Bone 
changes in necrosis in diabetes mellitus; 
differentiation of neuropathic from ischemic 
necrosis. .4.M.A. Arch. Int. Med., Mar., 1961, 
107, 380-383. (From: Department of Medi- 
cine, Woman’s Medical College of Penn- 
sylvania and the Department of Medicine, 
Albert Einstein Medical Center, Philadel- 
phia, Pa.) 
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The roentgen changes of osseous structures are of 
prime importance in differentiating ischemic from 
neuropathic lesions in the feet of diabetic patients. | 
This differentiation is important because the treat- 
ment varies. In the neuropathic lesion, the treatment 
can often be limited to a toe amputation or incision 
and drainage, while in an ischemic lesion a leg or 
midthigh amputation is often necessary. Rarefaction, 
lysis or destruction of bone in a diabetic foot is often 
indicative of neuropathy and evidence of adequate 
blood supply, primary or collateral. On the contrary, 
in ischemic necrosis the circulation is impaired; there- 
fore, no catabolism takes place and no bony changes 
occur, 

There is a better prognosis in a diabetic patient 
with a soft tissue lesion of a foot if there is roentgen 
evidence of bone changes, indicating neuropathy, 
than if ischemic tissue necrosis is present and the 
bone is intact. 

Two cases of diabetic patients were presented to 
illustrate the types of necrosis. The first patient had 
extensive bone destruction at the metatarsophalan- 
geal joints and soft tissue necrosis secondary to dia- 
betic neuropathy. Treatment was debridement. The 
lesion healed in six weeks indicating that the bone 
changes were neuropathic and not due to osteomye- 
litis. The second patient had the usual soft tissue 
ischemic necrosis typical of diabetes with arterio- 
sclerosis but without roentgen evidence of bone 
changes. Because of severe pain and extension of 
necrosis on the foot, amputation at the midthigh was 
required.— ‘Jose Amorocho, M.D. 


Hansen, H.-J., and Uttpera, S. Uptake of S*® 
in the intervertebral discs after injection of 
S*_sulphate. An autoradiographic study. 
Acta orthop. scandinav., 1960, 30, 84-90. 
(From: The State Veterinary Institute and 
the Department of Pharmacology, Royal 
Veterinary College, Stockholm, Sweden.) 


Radiosulphate (S*) was injected intraperitoneally 
into newborn piglets which were sacrificed at inter- 
vals up to sixteen days. Autoradiographs of sagittal 
sections of the spine were obtained to secure data 
regarding metabolic alterations in different morpho- 
logic structures. 

The S*® concentrated in the epiphyseal cartilage, 
the inner zone of the annulus fibrosus, and the 
periphery of the nucleus pulposus. Asa probable ex- 
pression of synthesis of the sulphomucopolysac- 
charides, the incorporation of S*® at these sites ac- 
cords closely with inferences deduced from mor- 
phologic features. Tissue layers which form the per- 
iphery of the nucleus and the perinuclear portion of 
the annulus represent the “growth zone” of the 
disk where fibroid or chondroid metamorphosis of 


the nucleus takes place.—Arch H. Hall, M.D. 
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AnprEN, Lars, and WEHLIN, LENNART. 
Double-contrast arthrography of knee with 
horizontal roentgen ray beams. Acta orthop. 
scandinav., 1960, 30, 307-314. (From: Roent- 
gendiagnostic Department of the University 
of Lund, Malmo Allmanna Sjukhus, Malmo, 
Sweden.) 


By employing a slight variation in the technique 
of double contrast arthrography of the knee, the 
authors have been able to demonstrate 62 of a total 
of 66 surgical meniscus ruptures. No false positives 
were obtained. 

The technique is as follows: (1) The direction of 
the plateau is marked on the skin under fluoroscopic 
control; (2) the joint is aspirated under local anes- 
thesia and 10 cc. of aqueous contrast medium plus an 
adequate amount of air is injected until the joint 
feels distended; (3) the patient walks about the room 
and flexes his knee several times; (4) the patient is 
placed on his side with the meniscus to be examined 
uppermost, and a firm pad is placed under the distal 
end of the femur with a small sandbag on the ankle to 
separate the joint; (5) film cassettes are placed 
against the knee and a horizontal roentgen-ray beam 
is used with a long film focus distance; and (6) the 
leg is rotated 10 to 15 degrees between exposures to 
show all parts of the meniscus. Additional views may 
be made in standard projections with a vertical 
roentgen-ray beam. 

This method requires neither traction apparatus 
nor the presence of an assistant, and the dangers in- 
herent in the knee-stretching procedures are elimi- 
nated. If air is injected first, one seldom gets extra- 
vasation of contrast medium into surrounding tis- 
sues. The authors agree that the value of any proce- 
dure varies with the skill and experience of the ex- 
aminer, but they have found this technique to be 
fast, easy, and highly accurate in their hands.— 


Arch H. Hall, M.D. 


BLoop AND LympH SysTtEM 


Mones, Roserr. Vertebral angiography; an 
analysis of 106 cases. Radiology, FKeb., 1961, 
76, 230-236. (Address: The Mount Sinai 
Hospital, Fifth Ave. and tooth St., New 
York 29, N. Y.) 


The purpose of this report is to evaluate vertebral 
angiography as a diagnostic method in neurology 


SEPTEMBER, 1961 


and is based on 106 successful angiograms obtained 
in a two year period at the Mount Sinai Hospital in 
New York. A total of 114 attempts at direct vertebral 
angiography were made, 80 of which were suc- 
cessful. Inadvertently, 14 vertebral angiograms were 
obtained during the performance of routine carotid 
angiography and 12 during attempts at indirect 
filling in 37 patients. The indications for this exam- 
ination were: subarachnoid hemorrhage; posterior 
cerebral artery disease; and either vascular disease 
or neoplasm of the posterior fossa. Fourteen transient 
complications were seen in the entire series of 128 
patients with both successful and unsuccessful direct 
vertebral angiography. The 37 patients in whom in- 
direct filling was attempted had no complications. 
Only one permanent complication occurred—an in- 
crease in the organic mental syndrome and visual 
field defect previously present. 

Approximately one-third of the studies showed 
abnormalities. Of the 32 patients with a final diag- 
nosis of basilar artery disease (proved or suspected), 
16 had abnormal vertebral angiograms with 11 show- 
ing either narrowing or occlusion of a major artery 
and § showing some anomaly, such as an aneurysm 
or anomalous arteriovenous connection. Sixteen of 
the 30 patients with a final diagnosis of a tumor had 
abnormal angiograms. There were 22 posterior fossa 
tumors and 13 of these showed abnormal angio- 
grams, while 3 of the 8 patients with supratentorial 
tumors had positive angiograms. While pneumo- 
encephalography is the method of choice for diag- 
nostic evaluation of posterior fossa tumors, incom- 
plete filling or lack of filling of the ventricles may 
indicate the necessity for veretebral angiograms to 
attempt further localization. These angiograms may 
help by showing: (a) tumor stains, which give a good 
approximation of the position, size and, at times, the 
histology of the tumor; (b) deviation of an artery, 
sometimes indicating whether a tumor is intra- or 
extramedullary; and (c) the presence or absence of 
an aneurysm, which may act as a mass lesion. 

The author feels that the amount of information 
gained from vertebral angiography is of value as a 
positive diagnostic test and as a means of ruling out 
with reasonable certainty certain vascular diseases, 
such as aneurysm, arteriovenous anomaly, or oc- 
clusive disease of the arteries. With care and experi- 
ence these studies can be done, without undue risk, 
in patients suspected of having disease in the dis- 
tribution of the posterior circulation.—Donald N. 


Dysart, M.D. 
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